Organic Reactions 



BOOKS BY ADAMS (B.) > EDITOR 

Organic Reactions 

Volumes 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 

BOOKS BY CORE (a. C.), EDITOR 

Organic Reactions 

Volumes 11, 12 and 13 



Organic Reactions 

VOLUME IX 

EDITORIAL BOARD 

Roger Adams, Editor-in-ChieJ 

A. H. Blatt 

David Y. Curtin 

Arthur C. Cope 

Frank C. McGrew 

Carl Niemann 

ADVISORY BOARD 

Louis F. Fieser 

John R. Johnson 

Harold R, Snyder 

ASSOCIATE EDITORS 

Elias J. Corey 

Herbert 0. House 

DeLos F. DeTar 

John C. Sheehan 

K. E. Hamlin 

William E. Truce 

C. H. Hassall 

Arthur W. Weston 

H. L. Holmes 

C. V. Wilson 

FORMER 

MEMBERS OF THE BOARD, 

NOW DECEASED 

Homer Adkins 

Werner E. Bachmann 

JOHN WILEY & SONS, INC. 

New York • London • Sydney 



COPYBIGHT © 1957 
BY 

Roger Adams 


All Rights Reserved 

This book or any part thereof must not 
he reproduced in any form without 
the written permission of the publisher. 

SECOND PRINTING, JULY, 1964 


/ 


Lilirarj- of Congress Catalog Card Xumber; 42-20265 

PP.INTED IN THE UNITED STATES OF AMERICA 



PREFACE TO THE SERIES 


In the course of nearly every program of research in organic chemistry 
the investigator finds it necessary to use several of the better-known 
synthetic reactions. To discover the optimum conditions for the appli- 
cation of even the most familiar one to a compound not previously 
subjected to the reaction often requires an extensive search of the liter- 
ature; even then a series of experiments may be necessary. When the 
results of the investigation are published, the synthesis, which may 
have required months of work, is usually described without comment. 
The background of knowledge and experience gained in the literature 
search and experimentation is thus lost to those who subsequently have 
occasion to apply the general method. The student of preparative or- 
ganic chemistry faces similar difficulties. The textbooks and labora- 
tory manuals furnish numerous examples of the application of various 
syntheses, but only rarely do they convey an accurate conception of the 
scope and usefulness of the processes. 

For many years American organic chemists have discussed these prob- 
lems. The plan of compiling critical discussions of the more important 
reactions thus was evolved. The volumes of Organic Reactions are col- 
lections of chapters each devoted to a single reaction, or a definite phase 
of a reaction, of wide applicability. The authors have had experience 
with the processes surveyed. The subjects are presented from the pre- 
parative viewpoint, and particular attention is given to limitations, in- 
terfering influences, effects of structure, and the selection of experimental 
techniques. Each chapter includes several detailed procedures illustrat- 
ing the significant modifications of the method. Most of these proce- 
dures have been found satisfactory by the author or one of the editors, 
but unlike those in Organic Syntheses they have not been subjected to 
careful testing in two or more laboratories. AVhen all known examples 
of the reaction are not mentioned in the text, tables are given to list 
compounds which have been prepared by or subjected to the reaction. 
Every effort has been made to include in the tables all such compounds 
and references; however, because of the very nature of the reactions dis- 
cussed and their frequent use as one of the several steps of syntheses in 
which not all of the intennediates have been isolated, some instances 
may well have been missed. Nevertheless, the investigator will be able 
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to use the tables and their accompanjdng bibliographies in place of most 
or all of the literature search so often required. 

Because of the systematic arrangement of the material in the chapters 
and the entries in the tables, users of the books ndll be able to find in- 
formation desired by reference to the table of contents of the appropriate 
chapter. In the interest of economy the entries in the indices have been 
kept to a minimum, and, in particular, the compounds listed in the tables 
are not repeated in the indices. 

The success of this publication, which will appear periodically, de- 
pends upon the cooperation of organic chemists and their willingness to 
devote time and effort to the preparation of the chapters. They have 
manifested their interest already by the almost unanimous acceptance 
of invitations to contribute to the work. The editors will welcome their 
continued interest and their suggestions for improvements in Organic 
Reactions. 
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OUGANMC UK.-UTIONS 


INTRODUCTION 

In this chapter the Hallcr-Baiier reaction is definccl ns tlie action 
of sodium amide on n non-enoliznldc ketone causini' cleavage of a 
carbon to carl)on bond and residting in the formation of nil amide and 
a hydrocarbon, 

U_C-U' KCON'IU -r K'H 

O 

Textbook definitions of the Ilnller-IIauer reaction have limited it to the 
alkylation of ketones in which sodium amide acts ns n condensing agent'- 
or have considered it a coiiibiiiation of the nlliylation and cleavage 
reactions." 

The cleavage of ketones liy sodium amide was discovered in 1000 by 
Scmmlcr' in connection with his investigations of the structure of 
fenchonc. Suspecting that fenchone contained no a-hydrogen atoms, 
Semmlcr chose .sodium amide n.s a reagent that might elTect a cleavage 
without causing rearrangement of the molecule. A.s a result, the .sodio 
derivative of fcncholic acid amide was oiitained. lie did not explore the 
potentialities of the reaction. This was done by Haller and Bauer," who 
in 1908 reported the isolation of benzamide after the treatment of benzo- 
phenone with .sodium amide in boiling benzene or toluene and who followed 
this observation with an extended .study of the reaction. 

A modification of the Ilaller-Bauor reaction involving the use of a fused 
eutectic mixture of sodium and potas.sium amides''’ has been applied to 
certain alicyclic and bicyclic terpenoid ketones as well as to some amides. 
The carbonj'l group was coinjiletcly eliminated from these compounds. 
For example, fenchonc was cleaved to l-mothvl-3-i,soi)ropylej’clopcntnne, 
and l-benzoylpiperidinc gave rise to benzene and piperidine. 


MECHANISM 

On the basis of their early experiments, Haller and Bauer proposed a 
mechanism for the reaction of sodium amide with benzophenone which 
involved a preliminary addition to the ketone." Tlio “sodium salt of 

^ Cohen, Organic Chemistry for Advanced Students , I, 4lh oth, p. 217, Longmans, Greon nnd 
Co., New York, 1924. 

® Degcring, An Outline of Organic Chemistryt 4th oth, ]>. 321, Bfirnea n.»d Noble, 1941. 

^ The Merck Index, Oth od., p. 105S, Merck ond Co., Unhway, N.J., 1052. 

^ Semmlcr, ,Ber., 39, 2577 (1900). 

* Haller and Bauer, Compl. rend., 147, 824 (1908). 

' Freidlin, Balandin, and Lobodova, Bull. Acad. Sci. U.It.S.S., Classc sci. chim., 1041, 167 
[C. .4., 37, 3749 {1943)]. 
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diphenylaminocarbinol” (I) thus formed could be isolated as a crystalline 

ONa 

I 

CgHjCOCeHs + NaNHg -> CeHs-C-CeHg 

NH 2 

I 

ONa 

I 

CeHg— C— CgHg + H2O CgHjCONHa + CgHg + NaOH 

NH 2 

product. Upon treatment with water it gave rise to benzamide and 
benzene. In 1922 Haller published a review article and repeated his 
ideas on the mechanism of the reaction.’ 

Schonberg in 1924 and 1925 described his researches on the action of 
sodium amide on diaryl ketones.®’® His observations with benzophenone 
were in agreement with those of Haller and Bauer; his interpretation of 
the reaction, however, differed from theirs as far as the decomposition of 
the adduct I was concerned. It was Schonberg’s view that the addition 
product I undergoes thermal cleavage in boiling benzene or toluene to 
furnish benzene and the sodio derivative of benzamide,^® which can be 
isolated from the reaction mixture. Treatment with water hydrolyzes 
this latter sodio derivative to benzamide. 

ONa 

I 

CgHg-C-CgHg 

NHa 
X 

CgHgCONHNa + HgO CgHgCONHg + NaOH 

Further evidence to support this mechanism was provided by the 
reaction of p-phenylbenzophenone with sodium amide. When these 
materials were heated under refluxing conditions in dry toluene and the 
solid so formed was removed by filtration, biphenyl was isolated from the 
filtrate. As both the hydrocarbon and the sodio derivative of the amide 
were formed in the absence of water it was evident that water was not 
necessary for the formation of the hydrocarbon. Lea and Robinson^’^ 
have carried out additional experiments on the action of sodium amide 

’ Haller, Bull. soc. chxm, France^ [4] 31, 1117 (1922). 

® Schonberg, AbelsdorfT, Kirchrnth, Malchov, and Rosen, Ann., 436, 205 (1924). 

® Schonberg, Ber., 58, 580 (1925). 

10 Curtins, Her., 23, 3038 (1890). 

11 Lea and Robinson, J. Chem. Soc., 1926, 2351. 


o 


ONa 


Heat 


CgHg -{- CgHg— C— NHNa or CgHg— C=NH 
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on unsj'nimctricnl i)en7.ophcnoncs. Their clo’criptioii of tlie reaction 
meclianism is in full agreement with that of Sehonl)erg. 

A modern interpretation of the reaction niiglit l)o written as follows: 

o~ 

1 

RCUir XHj rJ:K~C-R' :j:KT a- lUNCOU' - KU A (ILXCOK') 
XU; 

The direction of cleavage de)>cnds upon the relative electronegativities of 
R and R'. If R' in the ketone, ItCOR', is more strongly electron repelling 
than R the primary product is R'COXH-. 

The mechanism suggested hy I'reidlin® for the modification of the 
Haller-Bauer reaction in which a fused eutectic mixture of sodium and 
potassium amides reacts with n ketone or an amide is given below. 
Cleavage occurs to eliminate the carbonyl group with the formation of 
metal cyanamidcs. 

KCOR' KU'C(OH)XHXn -- R'U -i- KCOXHXa 

RCOXHXa - - - - -- i- s UC(OH)(XHXn).; — RH -f (XnUX);CO 

(XaHXloCO XojCX; + 11,0 


SCOPE AND UMlT.\TIONS 

The Haller-Bauer reaction has been applied to many non-enolizable 
ketones'- and with certain classes of these compounds has considerable 
sjmthetic utility. It is one of the few general methods for the synthesi-S 
of tertiary carboxamides, compounds which arc useful as intermediate.s 
for tertiary carboxjdic acids or tertiary carbina mines. By hydrolysis of 
the amides,'^ many tertiary carboxylic acids have been made available, 
and an even less accessible class of compounds, the tertiary carbinamincs, 
can be formed bj" application of the Hofmann, Schmidt, and Curtins 
reactions to the amides or acids.” 


R' O 

I II 

R— C— C— R'-' 

I 

R" 


R' 


R' 


Xaxn. 
=->■ 


I I 

R— C— COXH„ R— C— CO,H 

I ■ ! ■ 



R— C— NH„ 


R' 


" A few ketones liaving nn a-hyilrogen atom liftvo boon cleaved by sotlnim nmido during 
attempted alltjdation. Some of these cleavages are considered on np.'s and 12; all are cited 
in Table I. 

o Sperber. Papa, and Schwenk, J. Am. Chem.Soc., 70, 3091 {1948). 

Organic Itcactions, Vol. Ill, Chapters 7. 8, and 9, John Wiley A Sons, Now York, 1940. 
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The Cleavage of Aliphatic or Alicyclic Phenyl Ketones (Table I) 

The most important application of the Haller-Baiier reaction is the 
cleavage of aliphatic or alicj'clic phenyl ketones. Broadly, the cleavage 
occurs in such a way as to produce the tertiary carboxamides. For 
example, a,a-dimethylpropiophenone when heated in benzene under 
refluxing conditions with sodium amide affords a nearly quantitative 
jdeld of pivalamide. Similarly, 1-methylcj’clohexyl phenyl ketone under 
the same conditions readil3’' forms l-meth3dc3"clohexnnecarboxamide in 
88% jdeld. Since the starting ketones in general are rather easily 
obtamed, the reaction has found considerable application. 

When two of the substituents (for example, R and R') of a trialk3daceto- 
phenone II are meth3d, the third (R") ma3' be increased in size to C^g 
without interfering with the normal direction of the reaction. On the 


R 


R'— C— C— CgHg 


R" O 


R 


R'— C— C— 


R" O 


II 

other hand, as R and R' increase in size and complexity, the 3delds of 
trialkylacetamides fall off rapidly and the amount of benzamide increases. 
This effect was studied in detail b3’ restricting one alkyl group to meth5d 
or eth3d and progressivel3' increasing in size the other two.*® No difficulty 
was experienced in the preparation of various]3T branched amides con- 
taining up to ten carbon atoms. However, in II, where R, R', and R" 
total eleven carbon atoms, certain irregularities became evident and more 
benzamide resulted. For example, a-methyl-a-?!-but3'l-M-hexamide and 
a-eth3d-a-7!-prop3d-n-hexamide were formed readil3'. On the other hand, 
a-meth3d-a-eth3d-7i-octamide was obtained in an impure state while 
a,a-dieth3dheptamide could not be isolated. With a total of twelve or 
more carbon atoms in the three substituent groups, the molecules exhibited 
even greater variation from the normal direction of cleavage. The 
investigators concluded that failure of the method might be expected with 
alk3d phen3d ketones of relative^ low molecular weight where the three 
substituents are highty complex. 

The residts of these workers may be explained partl3'' on the basis of 
steric hindrance: the more complex the branching about the carbonyl 
group, the less successful is the cleavage. Recovery of some starting 
ketone from the reaction mixture is possible with such compounds. 
However, the isolation of increasing amounts of benzamide indicates that 
some attack on the carbonyl group occurs. 


Carter and Slater, J. Ohem. Soc., 1946, 130. 
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The application of Newman’s “Rule of Six’’^® to account for the steric 
effects of branching about the carbonyl group is only partly satisfactory. 
The results are neither strikingly in agreement nor strikingly in dis- 
agreement uith the rule. 

The cleavage of alicychc phenyl ketones by their reaction with sodium 
amidei’-2i follows the direction reported for alkyl phenyl ketones. 
Good yields of the expected 1-alkyl alicyolic carboxamides were obtained 
with little evidence of benzamide where the alkjd substituent (R) was 
methyl, ethyl, n-propyl, isopropyl, or 7i-butyl. 

(CH^C 

^COC^Hj 

Anomalous results were reported with 1-methylcyclopropyl phenjd 
ketone, which furnished benzamide and no l-methyloyclopropanecarbox- 
amide.^’ On the other hand, replacement of methyl by benzyl changed 
the direction of cleavage and l-benzylcyclopropanecarboxamide was 
obtained readily. This cleavage of 1-benzylcyclopropyl phenyl ketone in 
the expected manner was confirmed by the hydrolysis of the amide and 
identification of the l-benzj’'lcyclopropanecarbox}dic acid.^'* 

Diketones of tj'pe III provide an excellent source of a,a,oc',«'-tetra- 
alkyldiamides. The diketones, where R is methyl and n has been varied 
from 3 to 14, have been converted to diamides 


R R 

1 I 

C6H5C-C(CH,)„^CC,H5 
OR R O 

III 


X.iNH. 


OR R O 

II I I II 

-> HgNC— C(CH2)„C— CNHg 

R R 


The reaction also proceeds in the expected manner with diketones such 
as IV , S3mthesized by use of a dihalide containing a benzene nucleus. The 
corresponding ortho and vieta derivatives were also prepared.^® 

I' Newman, J. Am. Chem. Sac., 72, 4783 (1950). 

I’ Haller and Benoist, Ann. chim. Paris, [9] 17, 25 (1921). 

Wash, Shive, and Lochte, J. Am. Chem. Sac., 63, 2975 (1941). 

Hamlin and Freifelder, J. Am. Chem. Soc., 75, 369 (1953). 

Piehl and Brown, J. Am. Chem. Soc., 75, 5023 (1953). 

Hamlin and Biermacher, J. Am. Chem. Soc., 77, 6376 (1955). 

Haller and Bauer, Compt. rend., 152, 1638 (1911). 

“ Adams and Anderson, J. Am. Chem. Soc., 73, 136 (1951). 

Leonard and Jlader, J. Am. Chem. Soc., 72, 5388 (1950). 

Dumesnil, Ann. chim. Paris, [9] 8, 70 (1917). 
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CHo 


CgHjC— C— CH„ 





CH, 

I 

-cir„— G— 


-CCr^h 


NaXII, 


O CHo 


lY CHj O 

0 CH, 

11 I 

PIoNC— O— CH„- 

1 

CHo 



/\\ 


CHj O 

I * jl 

— CHo— C~CNH„ 
- I 

CHo 


An interesting secondary reaction is encountered in a series of 1 1- 
dialkyl-3-butenyl phen3-l ketones (V). Tlicsc ketones on treatment with 
sodium amide yield unsaturated amides wliich cyclizc to the corresponding 
pjTrolidones (VI). Brown and van Gulick=' conclusively proved that for 

R 


CHo=CHCHo— C— CCgHj 
R O 


CHo-CUo 


HjCCH C =0 
H 

VI 

,d-2.p3Trrolidone the reaction takes the course proposed by 

!auer,=’ viz., the 2 2-d,methyl-4.pentenamide arising from 

the sodium amide cleavage of l,l-dimethyl.3-butenyl phenvl kelr>no xi-ill 
cyclize under basic conditions. 

CHg^CHCHgCtCHaloCOCeHs 


3,3,5-trimethjd 
Haller and Bauer 


[CH2=CHCH2C(CH3)2C0NH2] 


CH, 


HoCCH 


2 -CiCHjio 
0=0 


\n/ 

H 

Several 5-methyl-3,3-dialkyl-2.pyrrolidones have been prepared bv this 
method, and the reaction is considered to be general.28 ^ 

Most aralkyl and heterocyclic-alkyl phenyl ketones nn * ^ , -..r 

sodium amide give the expected substituted alkylacetamides rTablo I). 

However, a,a-dimethyl-y, (5-epoxybutyl phenyl ketone K 1., ' i i zo 

The S3mthetic utility of the Haller-Bauer reaction is limited^lV*^ the 
unavailability of the starting ketones. The simpler ketonral-e readily 
obtained by the alkylation of various acetophenones by conventional 

26 Brown and van Gulick, J. Am. Chem. Soc.^ 77, 1092 (lOssj 
2’ Hallor and Bauer, Compt. rend., 158, 1086 (1914). 

28 Haller and Bauer, Compt. rend., 160, 541 (1915), 

29 Ramart-Lucas and Haller, Compt, rend., 158, 1302 (I 9 i 4 j 



8 


ORGANIC REACTIONS 


„e,h«d=. Th. 

molecular weight is restricted y s enc e e _ ^ j „ group becomes 

progressively synthesis of 

larger; this is a major drawback to the us impossible to 

acids containing a quaternary carbon atom ih , ^^j^thesis of 

methylate m.m-di-n-decylacetophenone. This barrier ^ ^e ^ 
trialkylacetophenones in which two substituents are long 
obTaLd by introducing the smaU group first into a higher 
acetophenoL and then replacing the tertiary hydrogen by a lo g- 

introduce an alkyl group in the tertiary^^^^ 
alicyclic phenyl ketone sometimes gave anomalous resu ^ ^ 

of2Lethylcyclopentylphenylketonewasusuallynormal,butift^ 

was allowed to react with sodium amide in boiling xylene an ^ 

with isopropyl ioade . mi.te. f 

S So S form O? tL parent ketone resulted.-.- aeuvoge of th.s 


yCHj— CHCH 3 

OH. 1 

^CHn-CHCOCeHs 


/CHo— CHCH 3 


CHj 

(CH,)jCHI 


+ 


/CH,— CHCH 3 


•CH2— CHCONH2 

CHj— CHCHg 


CHj 


+ CH 2 


CH 2 — CHC0NHCH(CH3)2 


CHg— C^CCgHs 


Ay^-rT//-1TT \ 


ketone, containing an a-hydrogen atom, was occurring in place of 
tion. The cleavage of cyclohexTl phenyl ketone by sodium amide resultea 
in a 1% jneld of cyclohexanecarboxamided'' Similarly 
phenjd ketone with sodium amide in boiling benzene gave a 42% yie o 
cyclopropanecarboxamide as well as a small amount (2%) of benzaini e. 
These results could not be repeated and do not coincide with t ose 
previously reported that, with sodium amide in moist benzene, benzam 
was the onlj' product isolated^' 


The Cleavage of Aliphatic Ketones (Table II) 

Symmetrically substituted acetones react with sodium amide to form the 
predicted tertiary carboxamide and trialkylated methane. u 

hoxaiiiethylacetone gives an excellent jdeld of pivalamide by this met 10 

Ilirch anti Robinson, J , C/tcm. Soc., 1942* 483. 

Haller and Bauer, Compl. rend,, 150, CC4 (1910). 
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On the other hand, a mixture of the four possible products (two amides 
and two hydrocarbons) is obtained from 2,2,4,4-tetramethy]-3-hexanone 
(VII). 


CHt O ch, 

I II I 

CH,— C C C— CH,CH» 

I I 

CHg CHg 

VII 


CHt O CH, 

I II I 

CH3— C— C C— CHaCgHg 

CHg CH3 

vm 


CHg 

I 

CHg— C 

I 

CH3 


O CgHg 

II I 

C C— CHgCHg 

! 

CaHg 

IX 


CHg O CHg 

I II I 

(CH3)2CH— C C C— CH(CH3)2 

CH3 CH3 


X 


Although substituted acetones may furnish a mixture of two possible 
amides and two hydrocarbons, one direction of cleavage may predominate. 
2,2,4,4-Tetramethyl-5-phenyl-3-pentanone (VIII) cleaves exclusively to 
pivalamide and isobutylbenzene;®^ 4,4-diethyl-2,2-dimethyl-3-hexanone 
(IX) when treated with sodium amide at the boiling point of xylene forms 
pivalamide and a,«,a-triethylacetamide in a 5-to-l ratio. 

An additional limitation to the practical use of the reaction with 
aliphatic ketones is encountered when the substituents are highly branched. 
For instance, the ketone X is inert to the action of sodium amide under 
vigorous conditions. Since in such cases the starting ketone is recovered, 
the failure of the reaction is possibly attributable to steric hindrance 
about the carbonyl group. 

The Cleavage of Diaryl Ketones (Table III) 

Diaryl ketones are readily attacked by sodium amide. If symmetrically 
substituted they can yield only one amide and one hydrocarbon. Un- 
sjrmmetrical diaryl ketones in which the substituents cause one aromatic 
nucleus to be much more strongly electron donating than the other give 
predominantly one amide and one h 5 'drocarbon. 

From the large number of diaryl ketones falling between these two 
extremes, four possible products, two amides and two hydrocarbons, are 
formed in var 3 dng amounts. Only the first two types of diaryl ketones 
are useful for the preparation of amides. 

Schonberg®.® and Lea and Robinson^^ cleaved a variety of unsymmetri- 
cal diarjd ketones and determined the comparative 5 delds of the various 

Haller and Bauer, Ann. chim, Paris, [9] 1, 5 (1914). 
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Wmide, or benooio ooids. They and, 

conclusion iUustrated below that the presence of an electr VVy 
“ «p faeors cleavage to produce ole va to 

LbeStocnt in an oMo position retoli. in “'"f “^ntoenvophSione 
yield the unsubstituted benzamide; e.g., 2 -methoxj P 

furnishes benzamide almost exclusively. 







^CONHg + CgHgCONHa 

7AO' 

24% <w/o 

-> CHgO ^ ^ CONHo + CgHjCONHa 
72% 


OCH3 CHaCR — , 

-> CH 30 <^^^C 0 NHg + ^CONHg 

86 % !•*% 

The effect of conditions upon the Haller-Bauer reaction may be illus- 
trated by the action of sodium amide on a-naphthyl phenyl ketone. 

On hefiting in benzene under refluxing conditions, only traces of ® 

were found and nearly all the original ketone was recovered. When e 
ketone and amide were heated under refluxing conditions in 
five hours, considerable benzamide was found along with ketone. en 
the ketone and sodium amide were heated with benzene in a sealed tu e 
for twelve hours, the major product was benzamide accompanied y 
traces of naphthalene. In contrast, the isomeric ^-naphthyl p eny 
ketone on treatment with sodium amide in benzene cleaved readily o 
afford jS-naphthamide as the main product along with small amounts o 
benzamide.®'®* 

Examples of the action of sodium amide on cyclized aromatic ketones 
are few. Eluorenone has been shown to yield o-phenylbenzamide ^ ® 
expected manner.®®'®® However, anthraquinone was recovered unchange 
after treatment with sodium amide.®® 

33 De Ceuster, Naluurw, Tijdschr. Belg,y 14, No. 3-6, 188 (1932) [O. A., 26, 43-3 (1932) 
Chem. Zentr., 1932, II, 1296]. 

Lucas, Ann. chim. et phye., [8] 17, 127 (1909). 

35 Haller and Bauer, Compt. rend., 147, 824 (1908). 

3® Haller and Bauer, Ann. chim. et phya., [8] 16* 145 (1909). 
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The Cleavage of Alicyclic Ketones (Table IV) 

Following the first n.se of the Haller-Faucr reaction on fenchone 
sodium amide cleavage was itsed in elucidation of the struclnre of certain 
terpencs related to camphor.'’ Several dialkylcamphor.-? were cleaved hv 
sodium amide to the corre.sponding dialkylcampholamides.^’*’'^ Each 
ketone cleaved in one direction and gave good yields of 1 ,2,2-trirnethvl- 
3-alkylcyclopentanccarboxamidc. 

Symmetrically .substituted cyclic kctonc.s react with opening of the 
ring and give rise to one product only, an aliphatic carbo.vamide^ 'J'liu.s 
with 2,2,5,5-tctramcthjdcyclopcntanonc’‘'' (XI) cleavage proceeds as 


O 


HjC 


CH, 


CIF 


NaXH. 


/I 


H 3 C 


\ 


(CHgiXHClKCHo— c— COXIK 


CH.. 


CH, 


XI 

indicated. Unsjnnmetrically substituted cyclopentanones, however r' • 
a mixture of two aliphatic carboxamides, thcrebj’ limiting the u.<.'efij'ln< 
of the reaction. Cj’clohexanones arc reported’ to be very re.si.stant to th' 
action of sodium amide. 


The Action of Sodium Amide upon Miscellaneous 
Carbonyl Compounds (Table V) 

Other types of carbonyl compounds have been treated with >-r J’ 
amide under similar conditions. Ai’omatic aldeh 3 'des undergo the f 
zaro reaction to jneld the corresponding alcohol and acid n 

ngerne'jt.n.o: 


and substituted benzils give a tj’pical benzilic acid rearr- 


An interesting exception is the reaction of acenaphthadione 
to oxamide and naphthalene. a-Phenylbenzoin reacts 
amide; both the expected products, benzilamide and lx- 1 - 
formed, although the latter predominates.® 


‘1 ’•''h.'eJi ele-twr"- 
■’■ith '■.'ylima 
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C0H5C(CH2)4CCgH5 jj 


O 


O 




Cells 

1 

CH, CCOCgHs 

1 ^ 1 

-f 

CT ^CHCOCeHs 

1 1 

1 1 

CHg— CHa 


1 1 

CHg-'CHg 

xin 


XII , 

, . „ 43 TVip mixture of isomers was separated 

reacts in the following manner. lower-melting 

and each isomer was treated with sodium The lo^ 

isomer undergoes the Haller-Bauer reac ion a-hydrogen 

structure The higher-meltmg be desig- 

does not undergo cleavage with sodium amide and 

nated by structure XIII or by an analogous has 

bond is in another position in the ring. A parallel reaction seque 

been established for 1.7.diphenylheptane-17.dione_ 

2.4-Dimethyl.l,3,5-triphenylpentane-l,5-dione 

«-hydrogen atoms, was cleaved with sodium amide m what appea 
a reverse !Michael reaction.^® 


CgHsCOCHCHg 

CHCgHg 

CgHjCOCHCHg 

XIV 


XaNHj 


CHCeHg 

CgHgCCHgCHa -f CgHsCCCHg 

11 I 

O o 


related synthetic processes 

Synthesis of Tertiary Carboxylic Acids. The principal 
methods for synthesis of tertiary carboxylic acids (trisubstitu e 
acids) are briefly surveyed here. Most of the literature resu e 
efforts to synthesize phthioic acid (ethyl-n-decyl-n-dodecy ace ic 

and similar structures.^®'^’’^® 4 -..:oIlrvl- 

The aliphatic nitriles may be alkylated to the corresponding J 

acetonitriles,''® which may be hydrolyzed first to the amides with so /„ 
sulfuric acid and finally to the acids. Although the difficulty of hydro y 


Bauer and Haller, Compt. rend., 156, 1470 (1913). 
Bauer and Haller, Compt. rend., 156, 1684 (1913). 
Bauer, .dnn. cfttm. Parts, 1, 343 (1914). 

Bauer and Haller, Compt. rend., 158, 1680 (1914). 
Polgar and Robinson, J. Chem. Soe., 1943, 615. 

** Hook and Robinson, J. Chem. Soc., 1944, 152. 
Ziegler and Ohlinger, /Inn., 495, 84 (1932). 
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of the nitriles is a serious limitation of the method, a series of trialkyl- 
acetonitriles in which the alkyl groups contain as many as seven carbon 
atoms has been successfully hydrolyzed.^® 

Trialkylacetic acids have also been prepared bj^ the carbonation of 
Lalkylmagnesium chlorides.®® This method suffers from many disadvan- 
tages, principally the difficulty of forming Grignard reagents from 
tertiary alkyl halides of high molecular weight. 

a-Allrylation of esters can be effected by means of sodium triphenyl- 
methyl and an alkyl halide.®^ However, the separation of unreacted 
disubstituted acetic acids or esters necessitates a tedious purification. 

To a limited degree, the Favorski rearrangement of a-halogenated 
ketones can be used in the S3mthesis of tertiar}’’ carboxjdic acids. 
However, wherever the R groups become large or complex only metathesis 
occurs in the first step. 

R" R" OR R" OR R" 

I XaOE II II I 

R'—O— OR"' > R'— C— C— R'" -V R'C CR"' -> R'— C— CO,R 

I II II Xq/ I 

Br O Br ONa ^ R'" 

Sjmthesis of Tertiary Carbinamines. Synthesis of amines in which 
the amino group is attached to a tertiarj’’ carbon atom has been reported 
in onlj' isolated instances, and in most of them the simplest member of 
the series, f-butjdamine, was the material prepared. 

A gi’oup of tertiarj^ carbinamines lias been sjmthesized b}'- reaction of 
certain nitriles with a Grignard reagent.®® In this fashion, alkoxjmlkyl, 
arallijd, or alkenjd cj^anides on treatment with allylmagnesium bromide 
formed tertiaiy carbinamines in which two of the substituent groups were 
allj- 1 . Hj^di'ogenation 5delded the corresponding propyl compounds. 

Tertiarj' nitriles, prepared bj^ alkjdation of primarj' nitriles,^® can be 
hj-drolj'zed to the coiTesponding amides. After conversion to the iso- 
c^’anates bj' the Hofmann method, tertiary carbinamines can be obtained 
In- h3'drolj’sis. 

The most important imiovation in .sj-nthetic methods for the preparation 
of such amines is that developed b.y Ritter and co-workers,®®-®' in which 
treatment of an alkene with a nitrile in the presence of concentrated 
sulfuric acid produces excellent j'ields of amides of t-carbinamine.s. 

Whitmore nnd Badortschcr, J. --Im. C/icm. Soc., 55, 1559 (1933). 

Hudson and Hauser, J. --Ir/i. Chcm. Soc., 62, 2437 (1940). 

^Inrker and Wagner, J. Atn, Chcin. Soc.t 64, 21G (1942). 

Aston, CUirke, Burgess, and Greenbuiv. -Ira. Chrm. Soc., 64, 300 (1942). 

Plattn^r, Heus^cr, and Boyce, llftr. Chim. AcM, 31, C03 (194S). 

Ih'iize, Allen, and Leslie, J. Am, CAcm..^or„ 65, S7 (1943). 

Bitter anil Minieri, J. .-Im. Chrrn. Soc., 70, 4015 (194S). 

llUter and KnlLsh, J. .Im. CKcin, Soc., 70, 404S (191S). 
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^Vh™ cy»,.i<.c is i.ssd the .utrlle, the N.elk>dfo™^ 

formed c»n be hydtol.veed readily to the desired amines, 
alcohol can be substituted for the alkcne. 

R, 

"C=CHR' . 


R'^C— OSO 3 H 
R"CH/ 


11 '"CN 


U'CH 


R 

R'^C— NHCOR" 


R'-^C— N= 


R'CHo'" 


::CR'' 

OSO3H 


(-Butylaminc has been prepared in 73% reaction of /-butj 

luaguc-siuni chloride with inctboxyaniine.**® 


EXPERIMENTAL CONDITIONS 

The Haller-Baucr reaction is carried out by beating a non-eno iza e 
ketone in an inert solvent in the presence of sodium amide. ’ 

toluene, and xylene have been used successfully. In certnin ins a 
where reaction has failed in benzene or toluene under refluxing co 
ditions, the higher boiling temperature of xylene has led to succc.ss. 

.Mthough the (piantitics of .sodium amide employed by various 
have varied, the u.“e of two moles of this reagent for each carbonj groti ^ 
to be cleaved is customary. Sodium amide now may be purchasec , u 
usually it is fre.shly prepared in the vessel in which the reaction is 
carried out. Suitable directions for the preparation of sodium ami 
arc found in Orf/anic 
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is continued for eight lionrs, and the mixture is washed uith uatei and 

distilled. 2,2,9,9-Tetrnmethyl-l,10-dipheny]dccane-l,10-dione distils at 

200-26574-S mm. (partial decomposition); yield 70.9 g. (75%). 

A suspension of 29.25 g. (0.75 mole) of sodium amide in 600 ml. of 
anhydrous toluene is prepared in a 2-1. flask equipped with a stirrer, a 
dropping funnel, and a condenser carrj'ing a drjdng tube. To the toluene- 
sodium amide suspension is added 70.9 g. (0.19 mole) of 2,2,9,9-tetia 
methyl-1, 10-diphcnyldecane-l,10-dionc. The mixture is heated under 
refluxing conditions with vigorous stirring for four hours and then coefle 
After the gradual addition of 500 ml. of water, the mixture is filtere as 
rapidly as possible. The solid diamide thus obtained is washed wnth 
water, and the wash -water is added to the filtrate. After the toluene is 
separated from the filtrate, the aqueous solution is concentrated. Upon 
acidification, this aqueous fraction jdelds a small additional amount o 
diamide. The total yield of crude a,a,a',K'-tetramethylsebacamide is 
42 g. (87.6%)- Recrystallization from ethanol results m a produc 

melting at 210-213°. ^ . 

A solution of 42 g. of crude diamide in 320 g. of concentrated sulfuric 
acid is cooled to 0-5° and treated wdth 45 g. of sodium nitrite m the 
minimal amount of w^ater. The mixture is next heated to 50 , an wa e 
is added gradually with stirring. The solid acid that separates is removed 
by filtration, washed with water, and dissolved in aqueous sodium car- 
bonate. The solution is decolorized with carbon, and the acid is repre- 
cipitated with hydrochloric acid; yield 29.4 g (70%). Puri ^cation is 
effected by recrystallization from ethyl acetate; pure a,a,« ,a -te ra 

methylsebacic acid melts at 117-118°. r-.it, i 

1-Methylcyclohexylamine Hydrochloride from yc o exy 
Phenyl Ketone.^® A suspension of 10 g- (0.25 mole) of sodium aim e in 
200 ml. of anhydrous toluene is prepared in a 500-mL flask equipped with 
a stirrer, a dropping funnel, and a condenser carrjdng a drying tu e. 
this is added dropwise 47 g. (0.25 mole) of cyclohexyl phenyl cetone. 
The mixture is stirred and boiled for one hour. It is stirred an coo e 
in an ice bath while 71 g. (0.5 mole) of methyl iodide is added in one portion. 
A sudden surge of heat after five minutes causes rapid boiling of the 
mixture. Stirring at room temperature is continued for twenty-four 
hours, after which the mixture is washed with w'ater and distilled. The 
l-niethylcyclohex 5 d phenyl ketone distils at 134^1 40°/6 mm., Wu 1.5316; 
yield 42 g. (80%). 

A suspension of 15.6 (0.4 mole) of sodium amide in 200 ml. of anhydrous 
toluene is prepared as outlined above. The toluene suspension is stured 
while 42 g. (0.2 mole) of 1-methylcyclohexyl phenyl ketone is gradually 
added. Stirring is continued, and the mixture is heated under refluxing 
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condit ions for six hours. After the reaction mixture is washed with water, 
tile toluene layer is separated and distilled. 1-Methylcj^clohexane- 
carboxarnido distils at mm. and crystallizes on cooling. The 

amide i.s further purified by crystallization from pentane, m.p. G5 ; 
yield do g. (SS®;,). 

A solution of 2S.S g. (O.IS mole) of bromine in 485 ml. of 20% aqueous 
potas.sium hydroxide is .stirred and cooled in an ice bath while 25 g. (0,18 
mole) of l-methylcyclohcxanecarboxamide is added as a fine powder. 
After the mixture has been .stirred for an additional one-half hour, the 
resulting isocyanate is extracted with ether. The ethereal extract is 
added dropwise with stirring to 200 ml. of boiling concentrated hydro- 
chloric acid. After the liberation of carbon dioxide ceases, the lij’dro- 
chloric acid solution is concentrated in vacuum. The crystalline residue 
i.s recn,’staUi7.cd from a mixture of absolute ethanol and ether. A yield 
of 21 g. (SO"/!,) of l-methylcyclohexylaminc hydrochloride, m.p. 285° dec., 
is obtained. 

a,a-Dimethyl-p-phenyIpropionamide from Isobutyrophenone.®’ 
A suspension of 15.0 g. (0.4 mole) of .sodium amide in 200 ml. of anhydrous 
toluene is prepared in a 500-ml. flask equipped with a stirrer, a dropping 
funnel, and a condcn.scr protected by a drying tube. A solution of 00 g. 
(0.4 mole) of isobntyrophenoncand 08.5 g. (0.4 mole) of benzyl bromide in 
100 ml. of anhydrous toluene is added dropwise with stirring. The 
reaction tiiixtiire is heated on a steam bath for forty-eight hours and then 
is « ashed with water. The toluene .solution is di.stillcd. 2,2-Dimethyl- 
l,;t-diphinylpropan-l-nne is obtained in a 75% yield (71.4 g.), di.stilling 
at 142-l i:!';:i mm.-, n'f.’ 1.50.52. 
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The mixture is heated and stirred for an additional hour and then cooled 
to room temperature, after which 21 g. (0.075 mole) of methyl iodide is 
added dropwise. Stirring at room temperature is continued for fifteen 
hours, and the benzene solution is washed %rith water and dried. 

The dried benzene solution thus obtained is added to 6 g. (0.07.5 mole) of 
a sodium amide suspension as outlined above. The re.sulting eodio 
derivative of a-methyl-w-heptyl phenyl ketone is heated in benzene under 
refluxing conditions, and 37 g. (0.075 mole) of 7i-butyl iodide i.s added 
dropwise. This mixture is heated and stirred for an additional four houre 
It is cooled, washed with water, dried, and distilled. A 3deld of 1 1 ■' 
(55%) of a-w-butyl-a-methyl-n-heptyl phenyl ketone,* b.p* nn-lS?/'! 
17 mm., is obtained. ’ ' ' 


This ketone (0.04 mole) is added to a susperrsion of 1 0 ^ (() (,4. 
sodium amide in anhydrous benzene. The su.spen.sion'’is 'rikrr-A and 
boiled for four hours and is then washed with water and di'tillod ' 
of 9g. (quantitative) of “-"-butyl-a-methylcaprjdamid- twl.Unna'Y! 
167-169°/18 mm. ' ’ ' 


Without further purification, the amide so obtaine^l r 
75 g. of concentrated sulfuric acid, and the resultinxr sobitk ^ 
a freezing mixture while an excess of a cold, saturated solutjr r ' 
nitrite is stirred in. The mixture is warmed to about .30' ^ -vyliom 
water, and extracted with ether. The ethereal extract ‘ 


rith dilute sodium hydroxide solution, and the combined 
■re acidified. The a-n-butyl-a-methylcaprylic acid 


18 mm.; yield 2.4 g. (28%). 


methylcaprylic acid distik- 
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} Tho principal product was benzamide. 

§ The hydrocarbon EH corresponding to the E group in the ketone was also isolated. 
II The product was isolated as the acid. 
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Note: References 62-96 are listed on p. 36. 

* Benzamide was also isolated. 

t The hydrocarbon RH corresponding to the R group in th, 1 , , 
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PACE 

Tabular Survey of Aldf-iiydes RiiKrARF.n by the OATTiHiAtAKX Reaction' 

59 

Table I. Aktcbydes Prepared from Aromntic Hydrocarbons 

Table II. Aldehydes Prepared from Phenols and Their Ethers ^ 

Table III. Aldehydes Prepared from Naphtbols and Their Ethers . . * • 

Table IV. Aldebvdes Prepared from Heterocyclic Compounds 

Table V. Compounds That Did Not Yield Aldehyde.s 


INTRODUCTION 

Gattermann developed two methods for introducing the aldehyde group 
into aromatic compounds. The first of these, known as the Gattermann- 
Koch reaction, uses a mixture of carbon monoxide and hj'drogcn chloride 
in the presence of a mixture of anhydrous aluminum chloride an 
cuprous chloride. It is not adaptable to the preparation of aldchydc= 

ArH + CO + HCl > ArCHO -f HCl 

Cu.CI. 

from phenols or phenolic ethers, however. The second method emplo} s a 
mixture of hj'drogen cyanide and hj'drogcn chloride aWth or without a 
oatalj'st, and permits the introduction of an aldehj'dc group into phenolsi 
naphthols, and their ethers, and, under special conditions, into aromatic 
hydrocarbons and related compounds.- This chapter is concerned mth 
the second method. 


ArH -P HCN -f HCl - <!> or ZnCl. . -f ^"HJC1 

( 2 ) n*o 

Aluminum chloride must be used as a catalj'st with certain phenols and 
phenolic ethers;^ with others, zinc cliloride maj’’ replace aluminum 
chloride.^ A modification of this method, which was described bj’ Adams 
and his co-workers,®!® emploj's zinc evanide as both a convenient source 
of anhydrous hydrogen cyanide and as a catalyst. When hydrogen 
chloride is introduced into the reaction mixture, hydrogen cyanide and 
zinc chloride are formed in situ. In those reactions that require anhydrous 
alummum chloride as a catalyst, it may be introduced with the zinc 
oj anide. Polj'hj’dric phenols such as resorcinol and pliloroghicinol in 
Avhich the hydi'oxjd groups are meta to each other do not require a catalj'st- 
More vigorous conditions are required to introduce the aldehj'de group 
into aromatic lij-drocarbons; e.g., the temperature must be raised.'’ 

J Organic Jicaclions, 5, 290, John AVilev & Sons. 1949. 

^ Oattormann, Ber., 31, 1149 (1898). 

“ Gattermann. Ann., 357, 313 (1907). 

5 and von Horlacher, Ber., 32, 284 (1899). 

' ''"j Levme, J. Am. Chem. Soc., 45, 2373 (1923). 

’ ' '^°"‘Somery, J, Am. Chem. Soc., 46, 1618 (1924). 

8 n u Bej-non, J. Chem. Soc.. 1936, 339. 

in el, Aylmg, and Morgan, J. Chem. Soc.. 1932, 2793. 
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The choice of solvent and the ])roportion of nluniimnn eliloride and ]i3’dro- 
gen ej’anide rclatiA'c to the amount of hj'drocarbon jirescnt affect the 
jdelds obtained. Zinc cj-anide or .sodium cj’anide ma_v Ijc used in place 
of lij'drogen cj’anide.®>“ 


MECHANISM 

The mechanism of the reaction appears to be complex and has not been 
fullj^ elucidated. Hinhel and his co-workers have pre.sented evidenee 
indicating that the mechanism maj’’ varj' with the nature of the compound 
into which the aldchj’de group is being introduecd and with the conditions 
of reaction. * A studj' has been made of the products of the reaction 
of hj'drogen cj'’anide, hj'drogen chloride, and aluminum chloride with each 
other in the absence of an aromatic nucleus in order to find one or more 
species which miglit be serving as the agent of aromatic substitution. 
Thus, hj'drogen cj-anide reacts with aluminum chloride to give a complex 
with the structure and with h3'drogen chloride to give the “sesqui- 
chloride” II. In turn, II gives chlorometh3'leneformamidine (III) 
when heated to 100 °,*- and iminoform3'lcarb3damine ( 11 ^) when heated 
with quinoline.*’ Aluminum chloride complexes of these latter substances 


AICI 3 ■ HN=CHNC 
I 


NH=CHXHCHCl 2 • HCl 
n 


C1CH=NCH=NH 


C^— CH=NH 


III 


IV 


were also prepared. *®>* 2 , 13 Since modern spectral methods were unavail- 
able at the time this work M'as carried out, and in view of the experimental 
difficulties involved in characterizing such compounds, further investiga- 
tion is desirable before the structures assigned can be considered as 
definitely established. 

Although one or more of the substances mentioned or ions derived from 
them may serve as intermediates in the Gattermann reaction, it should be 
noted that yields of aldehydes in excess of 50 % based on the hydrogen 
cyanide employed are often obtained. It follows then that, if an inter- 
mediate such as I, II, III, or IV is effective as the aromatic substituting 

^ Niedzielski and Nord, J. Am. Chem. Soc.^ 63, 1462 (1941). 

Hinkel, Ayling, and Beynon, J. Chem. Soc., 1935, 674. 

Hinkel, Ayling, and Beynon, J. Chem. Soc., 1936, 184. 

Hinkel and Dunn, J, Chem. Soc., 1930, 1834. 

Hinkel and Dunn, J. Chem. Soc., 1931, 3343. 

Hinkel and Watkins, J. Chem. Soc., 1944, 647. 

Dains, Ber., 35, 2496 (1902). 

^5 Gattermann and Schnitzspahn, Ber., 31, 1770 (1898). 

Neff, Ann., 287, 337 (1895). 
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reagent in these reactions, it must be able to utilize both its carbon 
for the formation of aldehyde. 

In any event the reaction apparent^ proceeds by the forma ion 
conjugate acid of hydrogen cyanide (V) or of one of a nuni er o ^ 
possible ions, wluch, with the aid of aluminum chloride, can serve * 

HC=NH+ ArCH=XH„+ ArCH=NH ■ AICI3 

V VI 

substituting agent in a reaction which is presuniabl}' analogous to I" 

Crafts acylation. Certain reactions, however, proceed without t le a 
aluminum cliloride or other catalyst. Apparently the product 
Gattermann reaction is the conjugate acid VI or aluminum c 1 0 ^^^^ 
complex VII of the aldimine or a more complex derivative of it. Genet . 
the nitrogen-containing substance is not isolated but is hj m . 
directly to the aldehyde. 

A detailed discussion of the mechanisms must await a thorougn s 
of the kinetics of the reactions. 

SCOPE AND LIMITATIONS 
Ethers of Monohydric Phenols 

of a 

A methylene formamidine adduct is formed by treating a mixture 
phenol ether, anhj'drous aluminum chloride, and anhydi’ous 
cyanide u-ith anhj'drous h 3 ^drogen chloride at approximate!}' 40°.“ 
adduct is readily hj'drolyzed to the corresponding aldehyde. The folio" 
ing list illustrates those phenol ethem into wliich the aldehj’de group 
been introduced in yields of 80 to 100%;->^’® anisole, phenetole, 0 - an 
m-cliloroanisole, m-chlorophenetole, the meth}'! and ethj'l ethers of ® 
and TO-cresol, and the methjd ether of 1-naphthol. The aldehj'de group 
enters the position para to the ether linkage unless the para position 1 = 
occupied, when it enters the position ortho to the alltoxj'l group. 

example, p-cresjd methjd ether jdelds 2 -methoxj'- 5 -methjdbenzaldeh) 

(S0%).^>^ However, the preference of para substitution to ortho or 
occasional mefa substitution is very strong both in the reactions "i ' 
phenols and in the reactions with phenol ethers. The introduction of an 
aldehj'de group into 2,4,6-trimethylanisole results in the formation 0 
3-hydroxy-2,4,6-trimethylbenzaldehyde (VIII) in only 5-10% 

along rvith small amounts of an unidentified hydroxj'dimethylbenzalde 

hj’de.^® Demethylation of the ether takes place concomitantlj' with the 
introduction of the aldehyde group. Other examples of demethj'lation 
of methyl ethers are given in the tables. 

von Auwers and JIauss, Ber., 61, 1495 (192S). 
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With certain activated nuclei, hydrogen cyanide and hydrogen chloride 
may he used without a catalyst as in the preparation of the dialdehyde IX 
from the trimethylene ether of )3-naphthol.» Occasionally, zinc chloride 


CHO CHO CHO 




X 


may be used to replace aluminum chloride advantageously, for example, 
with the methyl and ethyl ethers of 3,5-dimethylphenol (X).^ However^ 
vdth few exceptions, aldehydes of monohydric phenol ethers can be 
prepared only vlth the use of aluminum chloride as a catalyst. 

Attempts have been made to avoid the direct use of anhydrous hydrogen 
cyanide because of the hazard involved therein. Adams and his co- 
workers supplied a method whereby the phenol ether is treated in dry 
benzene with 2 equivalents of zinc cyanide.be ^fter dry hydrogen 
chloride is passed through the solution to its saturation point, li equiva- 
lents of anh3'drous aluminum chloride are added and dry hydrogen chloride 
is again introduced at a temperature of approximately 40-45° By the 
above procedure, excellent yields of anisaldeliyde, 2-methoxy-5.meth ] 
benzaldehyde, and 2-methoxy-l-naphthaldehyde have been reported* 
diphenjd ether gave p-phenoxj'benzaldeh3'de in 50% 3deld. ’ 

Replacement of zinc C3'anide b3'' sodium or potassium cyanide 
replacement of benzene b3" other solvents generall3'^ reduces the yields of 
aldeh3fdes.®"® Zirconium C3'anide in the presence of zirconium chlor’d 
in dr3^ benzene gave only a poor 3'ield of anisaldeh3'de from anisole 
the conditions used.^®" 


Monohydric Phenols 

Tlie procedure just described for introducing an aldeh3''de groi 
a phenol ether must usuall3' be modified when introducing an aldei**'^^ 
group into a monoli3’dric phenol.^ The phenol is treated with h5-(h 
CN'anide in benzene, and the mixture is cooled with a salt-ice 
dered aluminum chloride is slowl3' added, and the temperature is i " 
to 40° while anhvdrous h^■drogen chloride is introduced. Tk 
appear to varv with the structure of the plienol;^'^'-’ phcuo] /o 

Kn-ilmnmvirti. ./. MnJras Cniv.. (1B2S) [C. a., 23. 21G( {1029)]. ’ 

** Gattormnnii nml IJorclielmniin, JJer., 31, JTC5 (ISOS), 
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o-cresol (35-40%), m-cresol (45-50%), 2,3-dimethylphenol (G0%), 
2,5-dimethylphenol (80%), 3,5-dimethylphenol (quantitative), carvacrol 
(30%), ?7i-chloroplienol (50%), jn-bromophenol (10%), p-cresol (5/o)- 
Only one aldehyde group is introduced, and it always enters para to the 
hydroxyl group if that position is unoccupied. If the para position b 
blocked, the reaction may not proceed at aU or it may lead in poor yie 
to a product in which the aldehyde group is ortho to the hy^droxyd grouP’ 
2-Naphthol is an exception in that an excellent yield of 2-hydrox3-l- 
naphthaldehj'de is obtained.^ 2,3-DLmethylphenol jdelds 4-h3'droxj 

2.3- dimethjdbenzaldehj'de (XI) in 00% yield v-ith only a trace of the 
compound in which the aldehyde group has entered ortho to the hj'drox) 
group.^.ie 2,3,4-Trimethylphenol (XII), however, also yields 4-hydroxy- 

2.3- dimethj'lbenzaldehj'de (XI) as the chief product v-ith only' a trace o 
2-hydroxy-3,4,5-trimethylbenzaldehyde (XIII), showing that the driving 
force towards para substitution is so strong that replacement of an alt.' 
group by an aldehyde group is preferred to ortho substitution. Sc^e^•'' 
other examples of ring dealkylation are given in the tables. 


CHO 



OH 

XI 


OH 



V 


1CH3 

CH, 


CH3 

XU 


CHO 



XIII 


/inc chloride or the Adams modification may- be substituted forahuiiinnni 
chloride in the reactions with monohydric 2-nnphthols that are nn- 
Mib.stituted in the 1 -position and with 1-naphthols that are unsubstitnted 
m the 4-position; tlic products containing the aldehyde group in 
1- and 4-position, respectively, are formed in almost quantitative 
y kkl.>. • In general, however, monoliy'dric phenols fail to react unk-;- 
alununum chloride is added as a cataly.st.' Usinfr the Adams modification 
with aluminum chloride, the following phenolic aldehydes were prepared: 
4-hydroxy-3.incthylbenzn!dchvde (38%),o 4.hydroxy-5-isopropyl--_- 
mcthylbenzaldchydc (quantitative),®.:''.:! p-carvacro’laldehydc (good).='’-"' 
aiKl ‘*-nyuroxy-*J-rncthyl!)cii7.aldc!iyclc (30%).^- 
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This explanation is supported by the fact that neither gallacetophenone 
(XIV) nor isopaeonol (XV) yields a y-substitution product when treatwl 
with zinc cj'anide, hydrogen chloride, and aluminum chloride.^"’^^ 1'*^” 


COCH, COCH3 



OH OH 


XIV XV 

y substitution does occur yields are frequently excellent, e.g., 3-acet)l-- 
Iwdroxy-f.G-dimethoxybenzaldehj’de (84%),“® 3,5-dicarbethoxy-2,4,C-tri- 
hydroxybenzaldehydc (85%),“® 2,6-dihydroxy-3-propionylbenzaldehy(ic 

(^■1%).^^ 3-carbomethoxj’-2,G-dihydrox3’benzaldehyde (65%),"° 3-earb- 
alkoxj'-2,C-dihj'drox}’-4-methjdbenzaldehj’des (quantitative).®^ 

The Adams modification using zinc cyanide and hj'drogen chloride in 
the absence of aluminum chloride has also been .successful in the prepara 
tion of aldchj'des of pohdij’dric phenols having no nuclear deactivatii'.- 
.substitucnts.®>®*'~'® Repre-sentativc compounds prepared bj' thi.s pf® 
ecdure follow; /9-resorcj’laldchj’de (95%),® 2,4-dihj’drox}’-G-nicth) • 
hcnzaldeln-de (85%),® 3-ethj’l-2,4-dihj'drox}’benzaldehj'dc ("I-SC/o). 
and 2,4-cbhydroxy.3.methoxybenzaldehyde (03%).®' The formation of 
dialdcln-dea in low j-iolds has been observed with phloroglucinol and it' 

alkyl-substihitcd derivatives;®® phloroglucinol.3,5-dicarboxaldchydc 11 

isolated from phloroglucinol in 1.5% yield. The jdeld of dialdchydc r* 
mercased to G.G% with methylphloroglucinol and"^ to 24% with ctlivl- 
phloroglucinol. 

V.mK chloride has been succc.ssfully substituted for aluminum chloride ia 
a number of instances.®-®.”.!: Its use with dihydric naphthols hO' 
been shown to re.sult in the entrance of the aldehyde group into a f«'0 
or -(.position in the molecule in preference to a free 2 -po.sition.“® Tlni'. 
.''•dibydroxynaplithalene when treated with hydrogen cyanide, hydrogen 

• 1^* \ chloride pives ‘l.o-dihyclroxy-l-naplithakloin’dc 

t i on \ a\fr\ •‘'niall amount of 1 ,S-dihydroxv-2-napht!iaIdehydc (O.S 

<niur hand, .‘'Uhstitulion in the 2-poRition is apparently favortn 
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Monoalkyl Ethers of Dihydric Phenols 

In the nionoalkyl ethers of resorcinol the aldehyde group usualty enters 
-para to the hydrox}'! group rather than para to the allcoxyl group, 
example, emploj^ment of Gattermann’s procedure wth aluminuin chlon e 
on the monomethyl ether of resorcinol results in a 75-80% yield e 
hydroxy-2-methoxy-benzaldehyde.®"*® In several instances, zinc chlon e 
has been substituted for aluminum chloride, as in the preparation o 

6-hydroxj'-3-methyl-2,3-dih3'drobenzofuran-5-carboxaldehyde.®* In 1 

latter sjmthesis, the position para to the hydroxyl group is occupied an 
substitution occurs in the position para to the ether linkage. 


Polyalkoxy Derivatives of Benzene 
The Gattermann procedure with aluminum chloride is effective for 1^® 
introduction of the aldeh3'de group into polyalkoxybenzenes.^’ ’ 
vith polyh 3 'dric phenols, the aldehyde group al\va 5 's enters para to an 
alkoxyl group if this position is available; resorcinol dimeth 3 d ether i- 
converted to 2,4-dimethoxybenzaldeh3’de in 80% 3 deld by the Adanu 
modification with added aluminum chloride.® Substitution ma3' occur 
ortho to the alkoxyl group when the para position is blocked; e.g-i _ 
dimcth 3 ’l and clieth 3 d ethers of h 3 'droquinone are reported to gir'e 2|0 
dialkoxybenzaldeh 3 'des in unspecified 3 delds.® 

IV hen mixed ethers are subjected to the Gattermann reaction, a mixture 
of the possible isomeric aldeh3'des is formed.®®'®^ Determination of t c 
relative amounts of each has demonstrated the following order of 
by the alkoxyl group in directing the aldehyde group to the para position: 


CH2=CHCH20- 


> CoHjO- 


CHaCHoCHgO— , CH3O- 


Molecules with Two Non-Fused Aromatic Nuclei 
IV ith molecules having two aromatic nuclei, each of which contains a 
ether linkage, it is possible to introduce an nldeb 5 'de group into each ring' 
Tile reaction has been applied to dimeth 3 'lene and trimeth 3 'lenc ethers 0 
phenol, o-cresol, m-cresol, 2,5-dimethylphenol, and 1- and 2 -naphtho ■ 
The yields of dialdehydes vart- from 30% to 75%.® 

OCH,CHoO OCHoCHoO 



IICX. IlCI. AlCI, 




CHO CHO 


II 0 ‘'"4 Widmsr, Htlr. C/iim. Aclrt, 3, .SIS (ISiO). 

'A .* rmAnn nm! IJer., 32, 2S9 (JS99). 

Ssnn Hii-i I'nf.-hl;... H^r., 58 . ICSS (1925) 
t nncl J. .,1„. ,,343,. 
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Similarly, 2,2'-dimethoxy- and 2,2'-diethoxy-biplienyl react to give the 
5,5'-dialdehydes.® The corresponding 2,2'-dihydroxybiphenyl, however, 
is converted to dibenzofuran by the aluminum chloride, and only one 
aldehyde group is introduced.®® 



HON. HCl, Alois 



CHO 


CHO 


OH HO 



HON. HOI, Aids 



CHO 


Aromatic Hydrocarbons 

Gattermann was unable to introduce the aldehyde group into aromatic 
hydrocarbons under the conditions he used. Tetralin was an exception, 
since it formed 3,4-tetramethylenebenzaldehyde in 33% yield. In fact, 
Gattermann often used benzene and other hydrocarbons as solvents in 
his reactions. It was later discovered, however, that an aldehyde group 
could be introduced into benzene provided that the conditions were modified 
so that free aluminum chloride was present.® At 40°, in benzene, the 
complex of aluminum chloride with chloromethylene formamidine is not 
dissociated and reaction does not occur. K the temperature is raised 
to 80° or above, the complex appears to dissociate to some extent, yielding 
free aluminum chloride, and reaction does occur. If excess aluminum 
chloride is added, the jdeld of benzaldehyde is increased from 14% to 
75%. ® It is advantageous to employ a mole-per-mole ratio of aluminum 
chloride to hydrogen cyanide when the aromatic compound is not very 
susceptible to polymerization; otherwise, the amount of aluminum 
chloride must be reduced and the time of reaction increased. The yields 
of aldehydes reported by Hinkel and his co-workers are based on the 
amount of hydrogen cj'anide used instead of on the amount of aromatic 
compound as reported by Gattermann. On the assumption that 2 moles 
of hydrogen cj^anide are required for every mole of aromatic compound 
converted to the aldehyde, the yields (which formerly were calculated to 
be only 50% based on the aromatic compound) actuallj' correspond to 
yields of nearly 100% when a 1 : 1 molar ratio of reactants was employed. 
It is certain, however, that 2 moles of In'drogen C 3 ’anide are not necessary 
for introduction of an aldeln'dc group into phenols and phenol ethers 
under all conditions. 


** Hinkd, Aylinj:, find IJ^'ynon, ./. Chfm.Soc,, 1937, 778. 
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Just as the yield of benzaldehj'de is markedly increased as the tempera 
ture is raised from that of the room to 100°,’ so the yield of aldehydes rom 
other aromatic hydrocarbons is also increased. Unfortunately, ® 
increase in temperature also increases the tendency for aluminum c on e 
to induce polymerization of the hydrocarbon. Hinkel and his co-u or er 
recommend approximately 70° as the optimum temperature for mos 
reactions.’ 

Aldehydes can be prepared from liquid aromatic hydrocarbons y 
using excess hydrocarbon as the solvent; but, when the hydrocarbons 
are not liquid, are not easily procurable, or are unstable in the presence 
aluminum chloride, the reaction must be modified by employment of mer 
solvents. Tetrachloroethane, o-dichlorobenzene, and chlorobenzene are 
suitable reaction media since they are good solvents for the hydrocarbons, 
hydrogen cyanide, and the final products, and since their high boilino 
points permit their use over a wide temperature range.’ Tetrachloro 
ethane appears to promote the aldehyde synthesis, but it also increases 
the tendency of the aluminum chloride to cause polymerization of t ® 
hj'drocarbons. Indene is so readily polymerized that introduction of 
aldehyde group has not been achieved. 

Polymerization can usually be reduced by emplojdng a solvent with a 
lower chlorine content and bj' using but a slight excess of aluminum 
chloride, vith a subsequent increase in the time of reaction. The enec 
of solvent is quite pronounced with biphenjd, which yields a monoaldehy ® 
in chlorobenzene or o-dichlorobenzene, and a dialdehyde when the solvent 
medium is tetrachloroethane. Pertinent to the mechanism of the latter 
reaction is the fact that the monoaldehyde cannot be converted to t le 
dialdehyde under the same conditions.’ A solvent effect has also been 
observed in the preparation of tolualdehydes from toluene; with excess 
toluene as solvent both m- and p-tolualdehj'de are obtained, but vit 
chlorobenzene as solvent only p-tolualdehyde is obtained.®® 

A few of the aldehydes formed in good yields from the representative 
hjdrocarbons as described by Hinkel and his co-workers are; benzalde 
hyde (75%), p-tolualdehyde (91%), 3,4-dimethylbenzaldehyde (85% ’ 
2,4,G-trimethylbenzaldehyde (67-83%), 4-phenylbenzaldehyde (V57o)- 

fluorene-2-carboxaldehyde (76%), and acenaphthene-5-carboxaldehyde 
(70-90%).’, 8.10, 6- 

The Adams modification of the Gattermann reaction using zinc c 3 'anid® 
in the presence of aluminum chloride was employed by Puson and his 
co-v orkers for the preparation of some polj’alkylated benzaldehj'des. 

I* XiodneUki and Xord. J. Org. Chem., 8, 147 (1943). 

-• n.nkrl, lint. pat. 397.124 (1933) [C. .4., 28. 778 (1934)]. 

ti and Ward. Org.Synthttts, Coll. Vol. Ill, S49 (1955). 

tfon. Horning, Ward. Holland, and Marsh. J. Am. Chem. Soc.. 64, 31 (1942). 
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Using tetrachloroethane as the solvent and a reaction temperature of 70°, 
1,3,5-trialkylbenzenes are converted to 2,4,6-trialkylbenzaldehydes in 
38-83% yield. 

Complications that may be encountered with aromatic hydrocarbons are 
alkylation and alkyl migration; from ethylbenzene both mono- and 
di-ethjdbenzaldehyde can be isolated.®® 

Sodium cyanide and hydrogen chloride with aluminum chloride have 
also been used.®-®®-®® This combination is generally applicable to 
aromatic hydrocarbons other than benzene. Aluminum chloride in 
excess of that required to form a 1 : 1 complex with chloromethylene- 
formamidine is necessary.® The yields of the corresponding aldehydes 
obtained from toluene and the isomeric xylenes appear to coincide with 
the polarity of the h 3 ’-drocarbon reactants. Under these conditions, 
extensive migration and alkylation are observed so that some 2,4-dimethyl- 
benzaldehj'de is obtained from all three xjdenes. The yields of this 
compound, however, vary with the xylene used: from . o-xylene 75%, 
from w-xylene 26%, and from p-xylene 17%. In the reaction mixtures 
from m-xjdene and p-xylene, 2,4,5-trimethylbenzaldehyde may be 
isolated in 13% and 21% yield, respectively; no trimethylbenzaldehyde 
is obtained from o-xylene.®® 

Aromatic Amines 

The Gattermann reaction generallj' cannot be applied to aromatic 
amines. The preparation of ^-aniinobenzaldehyde by the reaction of 
hj’drogen cj'anide and lij'drogen chloride on aniline in ether solution has 
been reported but not confirmed.®* Hinkel and his co-workers have 
obtained merelj^ complex condensation products instead of aldehydes 
from aniline, dimethjdaniline, and diphenjdamine.®® 


Pyrroles and Indoles 

The aldehj-de group is introduced vith gi-eat ease into certain pyrrole.s 
and indoles. This reaction proceed.? so readil_v that frequently* no catalyst 
is required.®®-®® Both diethyl ether and chloroform have been employet} 
as solvents. The yields often vary with the solvent and have been enn- 
-siderably better in clilorofonn than in ether.®® An outstanding e.xanjpjg 

Ml«tritta niul Xortl, yaliire, 145, 3S7 (1940). 

Am,Chfm.Soc., 66. Uil (1944). 

** FiscluT untl Amrnnim. Urr., 56, 2319 (1923). 
niul Zfrv.'rek, Jitr., 56, 319 (1923). 

Chim. Actt, 13. 349 (1930). 

56, 20:.S (1923). 
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is 2,3,5-trimethj-lpjTrole, which is converted in 67% yield to 
triniethvlpyrrole-3-carhoxaldeh5’de in chloroform solution u 
apparently gives no product in diethyl ether. Tinrok 

Aldehyde groups have not been introduced into unsuhstitu e 
or indole.^’-®® This faUure has been explained as the result ot 
action of the intermediate aldimine hj'drocliloride 
indole to give complex, colored condensation products. o 
is encountered in introducing the aldehj'de group into 1-al vj py^ ^ 
such as 1-methylpjwrole, l-7i-butjdpjTTole, 1-i-amylpjTro e, 
furfurylpjTrole.®® The aldehyde group enters the 2- or 5 -position 
is free, hut if both these positions are occupied, it may readUj en 
3- or 4-position. Another noteworthj’^ fact is that the carhethox) 
and various acyl groups apparently do not prevent the reaction, 
of the best yields of pyrrole aldehydes have been from pjwroles 
.such substituents which are normally nuclear deactivating. 
absence of an open position, a carhethoxy group may he replace 
aldehyde group.”’ The aldehydes from a selected list of p>rr°*^- 
given below vith the yields obtained. 


CjHsOjC: 


H 3 O 


,CH, C,H30„C 


CAI-OX- 


it: 


HO 


H 

(fi'Ii)” 


-CHO 


;cH, 


'■X' 

CII,, 




:CHO 

CH, 


H 

(77%)” 


C,H-OX' 

' ^ ‘ \ 


CHO 

OH, 


O 


CH3C, 




;CH3 


C„H-0„C- 

- O ^ ,1 


•X/ 

H H 

(55%)” (Cj%)' 

— r,CHO C,H.O„Gr— 


1 

CHI- 

(50-'.‘U”j)” 


H,0 


tno 


-cno 

CHj 


tVf4C5'3- 
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Thiophenes and Thiazoles 

rew.])plic.tiom of the Gottettnimn reootion in 
been m.de- Thiophene i. less re.etive then f™ of 

aldehyde group may be introduced (m poor jueld) o J bene to 

chloride." T'hdonhtedl, the tendency 
polymerize under acidic conditions is the chief obstacle to t pp 

of the Gattermann reaction in this series ,9x0/1 ;= prepared by 

2-Hydroxy-4-methyltliiazole-5-carboxaldehyde (-0 /o) P P 

the 2 of hWn cyanide and hydrogen diloride in the absence of 
catalyst, but 4-methylthiazole fails to react. 


Enols 

Ethyl acetoacetate dissolved in benzene is converted 
cyanide and hydrogen chloride in the presence of aluminum chlori e 
ethyl a-formhninoacetoacetate hydrochloride. ' ’ 


CH,C0CH,C02C2H5 hcn^ci.aici,. ^ cHaCOCHCOgCgHs 

ch=nh-hci 


Analogous results are obtained with acetylacetone, and, presume y, 
other active methylene compounds would act similarlj’’. Simple ole^ s, 
however, do not yield the corresponding aldehydes under the conditions 
of the Gattermann reaction."® 


ALTERNATIVE METHODS FOR DIRECT INTRODUCTION 
OF AN ALDEHYDE GROUP 

Several alternative methods for the direct introduction of aldehyde 
groups into aromatic compounds are available. The Gattermann-Koch 
reaction employing carbon monoxide, hydrogen chloride, and aluminum 
chloride, often with a cuprous chloride carrier, is used ehiefly for the 
preparation of benzaldehyde and the mono- and poly-alkylbenzaldehydes. 
It is unsuccessful uith phenols, phenol ethers, and heterocjmlic 
compounds.i,^ 

A second method employs N-methjdformaiulide and phosphorus 
oxychloride. It is limited to certain activated compounds such as ethers 
of the aromatic series,'^® secondary and tertiarj, aromatic amines,®® and 

Ochiai and Nagasan-a, Ber., 72, 1470 (1939). 

” Wieland and Dorrer, Ber., 58, 818 (1925). 

Wieland and Dorrer, Ber., 63, 404 (1930). 

” Kalisoher, Scheyer, and Keller, German pats. 514,415 (1931), and 519,444 (1931) 
\Chim. Zenlr., 102, II, 3394 (1931).] 

Vilsmeier and Haaok, Ber., 60, 119 (1927). 



OEGAXIC REACTIOKS 
cUorid. It ™cls at desired.” Zinc 

thoroughly noth water and drie amouirt of 

sodium chloride or potassium ® ® + npeded for formation of the 

catalyst usually used is shghtly more than that needed for torm 

'^toTvlntr^ -d as a solvent P-ticularly 

aluminum chloride and a comparatively low reaction emp ^ 

employed. With zinc chloride or in the absence of any catalyst, ^ 

Sraile s.leeht in view of it. greater .o,v»t 
phenols. Furthermore, vdth ether as a solvent, ^ 

product, the pure crystalline imme salt, may separa e fppohle to 

L. peimit Llatio. before hydroly.i.,.. 

ether for the reaction with certain substituted pyrroles ' ntlv 

and the orientation obtained in the Gattermann reaction are q 
affected by the nature of the solvent.^-^ Tetrachloroethane has been used 
frequently, as have o-dichlorobenzene and ® 

dissolve hydrocarbons, hydrogen cyamde, and final products a 

have high boiling points. . 

Hydrogen Cyanide. Cylinders of anhydrous hydrogen cyanide ca 
be purchased. The acid can also be prepared readily by treatmg sodnm 
cyanide ivith sulfuric acid,®® or by treating potassium ferrocyanide witn 
sulfuric acid followed by drying by passage over calcium chloride. 
Detailed directions for the preparation of hydrogen cyanide from so lum 
cyanide and sulfuric acid are given in Organic Syntheses Cyanogen 
bromide as a substitute for hydrogen cyanide appears to have little if any 
advantage.'*® 


EXPERIMENTAL PROCEDURES 

Mesitaldehyde (hydrogen cldoride, zinc cyanide, aluminum chloride, 
tetrachloroethane as solvent). Detailed directions for the preparation 
of mesitaldehyde in 75-81% yield from mesitylene are given in Organic 
Syntheses?^ 

4-Methoxy-3-methylbenzaldehyde (hydrogen cyanide, hydrogen 
chloride, aluminum chloride).® Hydrogen cyanide is extremely 'poisonous 
and shoidd be handled with great care. All connections should be thoroughly 
tested for leaks, and the entire apparatus should be placed in a hood which is 
in good worling order. Rubber gloves should be worn. Adequate ventilation 
should be maintained at all times. Any vapors escaping from the system 

'■ Arnold and Sprung, J. ^m. Chem. Soc., 60, 1699 (1938). 

” ZirgV r, Brr., 54. 110 (1921). 

” IlouVn. Her., 59, 2878 (1926). 

ZirgUr, Orj. Synlht^a, Coll. Vol. 1, 2nd ed.. p. 314, John IViloy & Sons, 1941. 
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shoxild not be allowed, to escape freely, but should be destroyed by passage 
through solutions of potassium permanganate or hydrogen peroxide. Before 
handling hydrogen cyanide, one should consult textbooks on the handling of 
dangerous materials and the treatment and first aid of hydrogen cyanide 
poisoning. 

Gaseous hydrogen chloride is passed for one-half hour through a 
mixture of 25 g. (0.93 mole) of anhydrous hydrogen cyanide and 30 g. 
(0.25 mole) of o-cresyl methyl ether cooled in an ice bath. Aluminum 


chloride, 30 g. (0.22 mole), is added gradually. While slowly adding 
more hydrogen chloride, the temperature is raised to 45° and kept 
there for four to five hours. The reaction mixture is poured over ice 
and hydrochloric acid. The resulting copious precipitate is heated 
under reflux with hydrochloric acid. The aldehyde is steam-distilled 
and then treated with sodium bisulfite solution. The bisulfite addition 
product is filtered and decomposed with aqueous sodium carbonate. 
The yield of colorless oil, h.p. 251°, is 30-37 g. (80-100°/ ) 
4-Hydroxy-2,6-dimethylbenzaldehyde (hydrogen chloride, hydrogen 
cyamde, aluminum chloride, benzene as solvent) .3 To an ice-cooled 
solution of 20 g. (0.16 mole) of 3,5-dimethylphenol in 80 ml of benzene is 
added 13.8 g. (0.51 mole) of dry hydrogen cyanide. This is followed by 
30 g. (0.22 mole) of aluminum chloride. After hydrogen chloride has 
been passed through the mixture for four hours at a temperature of 35° 
it is poured into a mixture of hydrochloric acid and ice BlLenris 
removed by steam distillation, and the residue is extracted with th 
The resulting ethereal solution is extracted udth sodium bisulfite 
After the aqueous layer has been rvashed with ether, it ® bo u ion. 


IS acidified with 
rom ethanol 


quantitative 


dilute sulfuric acid. The precipitated aldehyde is crystallized fi 
in the form of long yeUow needles, m.p. 189-190°, in an almost 
yield. 

2-Hydroxy- l-naphthaldehyde (hydrogen chloride, hydrogen o 
zinc chloride, anhydrous ethyl ether as solvent).* To a well-cooled 
of 15 g. (0.10 mole) of 2-naphthol, 45 ml, of ether, and 6.9 g. (jq 
mole) of dry hydrogen cyanide is added 15 g. (0.11 mole) of anhydroug 
chloride. Anhydrous hydrogen chloride is passed through this tn' 
at room temperature for two and one half hours. During this time 
oil settles to the bottom and eventually solidifies. The solid ig ^ 
thoroughlj' with ether and then heated for a short time with 
oily material, which crystallizes in almost quantitative yield on 
melts at 81° after crystallization from dilute ethanol. °coling, 

2,4-Dihydroxybenzaldehyde (hydrogen chloride, hj^drogej^ 
from potassium ferrocyanide and sulfuric acid, anhydrous ethyj 
solvent).** Potassium ferrocyanide (200 g.) is heated in a fl., , 

"ith a 
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mixture of 160 g. of concentrated sulfuric acid and 280 ml. of water. 
The evolved hydrogen cyanide is led from the flask by means of an air 
condenser and passed through a calcium chloride drying tram kept 
at 35-40° (hydrogen cyanide liquefies at 26°), and into a flask kept at 
—5° that contains 1 part of resorcinol dissolved in 3 parts of anhydrous 
ether. IVlien the increase in weight indicates a 50% excess of hydrogen 
cyanide, hydrogen chloride is led slowly through the same drjdng train 
until it ceases to be absorbed by the ether solution. The semisohd 
reaction mixture is allowed to stand for several hours, after which it is 
decomposed with boiling water. The resulting mixture is filtered, and, 
on cooling, crystals of the aldehyde separate in good yield. 

2,4-Dihydroxy-6-methylbenzaldehyde (hydrogen chloride, zinc 
cyanide, anhydrous ethyl ether as solvent).^ A 500-ml. three-necked 
round-bottomed flask is fitted with a stirrer, a reflux condenser, and an 
inlet tube having a wide mouth to prevent clogging and extending nearly 
to the bottom of the flask. A safety bottle is placed in series with this 
tube and a dry hydrogen chloride generator. The top of the condenser 
connects to a tube leading into a wash bottle containing sulfm’ic acid, 
then to a safety bottle, and finally to the surface of aqueous sodium 
hydroxide. To the reaction flask, containing 20 g. (0.16 mole) of 
thoroughly dried orcinol (freed of water of cr 3 'stallization) and 200 ml. of 
dry ether, is added 28.1 g. (0.24 mole) of dry zinc cjmnide. The mechanical 
stirrer is started, and dr}>- hydrogen chloride is passed in rapidly. A pink 
color develops, and the condensation product begins to separate as a 
thick oil. After about one and one half hours, the ether becomes saturated 
with hydrogen chloride; the hydrogen chloride is then passed in more 
slowly for an additional half hour. After the ether is decanted, the solid 
residue is boiled for two to three minutes with about 100 ml. of water. 
The hot solution is filtered and cooled to yield a crystalline product (85%) 
which, after crystalhzation from water, melts at 178-180°. 

p-Anisaldehyde (hydrogen chloride, zinc cj^anide, aluminum chloride, 
benzene as solvent).® The same type of apparatus may be employed for 
this preparation as was used above for the preparation of 2,4-dihydroxy- 
6-methylbenzaldehyde. To a mixture of 30 g. (30.1 ml., 0.28 mole) of 
anisole and 75 ml. of dry benzene is added 52 g. (0.44 mole) of dry zinc 
cyamde. Dry hydrogen chloride is added rapidly to the cooled and 
continuously stirred mixture for thirty to sixty minutes. Anhydrous 
aluminum chloride (49 g., 0.34 mole) is added slowly and with further 
cooling and stirring. This is followed by a slow stream of hydrogen 
c iloride which is added while the mixture is heated at 40-45° for three to 
oim hours. The contents of the flask are added to an excess of 10% 
y rochloric acid, which generally causes a heavy precipitate to separate. 
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The resulting mixture is heated under reflux for one-half hour, and the 
aldehyde is steam-distilled. The steam distillate is extracted with 
benzene, and the benzene is subsequently removed by distillation. The 
residue is shaken with sodium bisulfite solution, and the anisole is extracted 
with ether. The aldehyde is released from the bisulfite addition product 
bj^ warming with aqueous sodium carbonate. The yield of aldehyde, 
boiling at 246-248°, is 94%. 

p-Tolualdehyde (hydrogen chloride, hydrogen cj'^anide, aluminum 
chloride, toluene as solvent).® To a mixture of 52 g. (0.39 mole) of 
aluminum chloride and 50 ml. of toluene cooled in ice is added with 
shaking 10.3 g. (15 ml., 0.38 mole) of dry hjxlrogen cyanide during a 
period of fifteen minutes. After being kept at room temperature for five 
minutes, the mixture is heated to about 60° and a slow current of hydrogen 
chloride is passed through. A vigorous reaction occurs, and the mixture 
is maintained at 100° for two hours while hydrogen chloride is introduced 
and an additional three hours at 100° after the flow of hydrogen chloride 
is stopped. The reaction mixture is kept at room temperature overnight. 
After the viscous mixture is poured over a mixture of ice and concentrated 
hydrochloric acid, the resulting organic layer is steam-distilled. From the 
dried ethereal extract of the distillate, the aldehj^de is obtained in quanti- 
tative yield by fractional distillation; b.p. 200-204°. 

3,5-DitnethyIpyrroIe-2-carboxaldehyde (hydrogen chloride, hydro- 
gen cyanide, chloroform as solvent).*® To a solution of 4 g. (0.03 mole) of 
2,4-dimethylpjTrole in 40 ml. of chloroform that has been previously dried 
with phosphorus pentoxide is added 5.5 g. (0.2 mole) of dry hydrogen 
cyanide. The mixture is cooled with an ice bath, and dry hydrogen 
chloride is introduced for one hour. ' Without .attempting to filter the 
crj^stals, the solvent is removed under reduced pressure at room tempera- 
ture, and the residue is dissolved in cold water. Sodium hydroxide is 
added, ammonia is evolved, and the aldehyde separates as dark yellow 
crystals of melting point 89°; jdeld, 92%. 


TABULAR SURVEY OF ALDEHYDES PREPAY BY THE 
gattermann reaction 

In the following tables an attempt has been made to cover the syntheses 
of aromatic aldehydes by the Gattermann reaction reported in the 
literature to January 1, 1954. The first column m the tables hsts the 
aldehydes formed, the second column the reagents and solvents without 
parentheses. Also in the second oohm^ is listed in parentheses the 

starting material wherever ^ ^ ^ aromatic hydrocarbons, chloro 
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indicated merely by the substituent groups. Table 1 1 givc.s the aldehydes 
derived from phenols and phenol ethers; Table III lists the aldehydes 
obtained from naphthols, naphthol ethers, and phenanthrol. Heterocyclic 
aldehydes are listed in Table IV; and compounds that did not yield 
aldehydes are shown in Table V. 

The reagents are listed as A, B, C, D, E, and F ns defined below: 

A; HCl, HCN. 

B: HCl, HCN, ZnCL. 

C: HCl, HCN, AICI3" 

D: HCl, NaCN, AICI3. 

E: HCl,Zn(CN)„,AlCl 3 . 

F: HCl, Zn(CN)l 

Appreciation is expressed to Dr. O. L. Norman for his assistance in 
surveying the literature on which these tables are based. 
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TABLE I 

Aldehydes Pbepaiied from Aromatic Hydrocarbons 


Substitucnt(s) in 


Benzaldoliyde or 
Complete A^nmo 
of Aldehyde 

Reagents 

Yield, % 

Reference 

Benznldehydo 

D 

11 

60 


C 

— 

57 



16-39 

8 


C, CHCUCHCU 

75 

7 

4-Ainino- 

A, ether (aniline) 

— 

61 

4-Chloro- 

C 

8 

7 

4-Methyl- 

D 

39 

9 



20 

60 


C 

— 

57 



14-91 

10 



14-quant. 

8 

4-Ethyl- 

D 

27 

9 



38 

60 


C 

30 

56 


C, CcHsCI 

22 

7 


C, CHCLCHClj 

5 

7 

4-Isopropyl- 

D 

24 

60 

4-s-Butyl 

D 

4 

60 

4-<-Ainyl- 

D 

8 

60 

4-Phenyl- 

C, CHCljCHClj 

75 

7 

2,4-Dimethyl- 

C 

— 

57 



97 

8 


D 

26 

56 


D, (o-xj'lene) 

75 

56 


D, (p-xylene) 

17 

56 

2,5-Dimethyl- 

C 

85 

8 

3,4-Diinetliyl- 

C 

85 

8 


D 

42 

9 

Diethyl- 

D, (ethylbenzene) 

13 

56 


C, (ethylbenzene) 

25 

56 

2-Isopropyl-5-methyl- 

D 

25 

56 

Isopropy 1 -methyl - 

D, (p-cymene) 

5-17 

56 

Diisopropyl- 

D, (isopropylbenzene) 

12-18 

9, 56 


D, (m-diisopropylbenzene) 

17-39 

56 


D, (p-cjTnene) 

13 

56 

3 ,4-Trimethylene- 

C, CHCljCHClj (hydrindene) 

45-60 

7 
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TABLE I — Continued 

Aldehydes Prepaued from Aromatic I-Iydrocardons 


Substituent{s) in 

Benzaidehydo or Rengonts Yield, % Refercnco 

Complete Name ° 

of Aldehyde 


3,4-Tetramethylene- 

C, CHCUCHCU (totmlin) 

4 

7 


C, CjHg (tetraiin) 

33 

3 

50 

2,3,5-Trimethyl- 

D, (mesitylcne) 

13 

2,4,5-Trimothyl- 

D 

7 

56 


D, (ni-xylcno) 

13 

56 


D, (p-xylono) 

21 

50 

2,4,6-Trimethyl- 

C, CHCLCHCU 

67-83 

7 


E, CHcCcHClj 

75-31 

58. 59 


D, (1,2,4-trimothylbcnzono) 

7 

50 

2, 4, 6 -Triethyl- 

E, CHCljCHCL 

69 

58, 59 

Triethyl ■ 

D, (ethylbenzene) 

5 

56 

Diisopropyl-mothyl- 

D, (p-cymene) 

10-16 

50 

2, 4, 6 -Triisopropyl- 

E, CHCloCHCL 

65 

58. 59 

Triisopropyl- 

D, (Mi-diisopropylbonzcne) 

5-16 

50 

2 -Fluorenecarbox- 

aldehyde 

C, CHCLCHCL 

52-70 

7 


C, CeHgCl 

76 

7 


C, o-CgHjCU 

02 

7 

1 -Naphthaldehyde 

C.G^H^Cl " 

31-00 

7 


C, CHCUCHCU 

66 

7 

4 -Methyl- 1 -naphth - 

aldehyde 

C, o-CoH.CU 

51 

7 

2 , 3 -Dimethyl - 1 - 

naphthaldehyde 

E, CHCUCHCU 

38 

59 

2,6-Dimethyl-l- 

naphthaldehyde 

C, CHHCl 

60 

7 

4,7-Dimethyl-l- 

naphthaldehyde C, C^H^Cl 

5-Acenaphthenecarbox- 

58 

7 

aldehj'de 

9-Anthracenecarbox 

C, CHCUCHCU 

70-90 

7 

aldehyde 

C, CHCUCHCU 

50 

7 

C, C^HsCl 

9“Phenanthrenecarbox- 

60 

7 

aldehyde 

C, C 5 H 5 CI 

44 

7 
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TABL15 11 

Aldeiivdks Pnr.rAiiKD riio.M Phenols and Theiii Ktiii:ii,s 
A. Aldehydes Prejxired from Monohydric Phenols or Their Ethers 


Substitucnt(s) in 
Bonr^ldchydo or 
Complete Strvictnrnl 
Formula 


Reagents Yield, % Keferonco 


4-Hydroxy- 

C, CgHe 

30 

3, 19 

4-Methoxy- 

D 

43 

9 


C 

45-S9 

CO 


Zr(CN)„. ZrCl^, CgHg 

Poor 

18 


E. CX 

94 

0 

4-Ethoxy- 

C 

80 

2, .3 

4-(^-Bromoethoxy)- 

C. CjHe 

50 

:) 

4-Phcnoxy- 

C or E, CjHg 

50-80 

3, G, 101 

(— CHjOCoHjCHO-p), 

C. 



3 

CH,(— CHoOCoHjCHO-p), 

C. CoHe 

30 

3 

4-(4'-Methoxj’phenoxy)- 

C. CcHg 

G 

54 

2-Bromo-4-hydroxy- 

C, C^He 

10 

3 

2-Bromo-4-othoxy- 

C, 

— 

3 

2-Cliloro-4-hydroxy- 

C, 

50 

3 

2-Cliloro-4-methoxj’- 

C, CsH, 

— 

3 

2-Chloro-4-ethoxy- 

C, CeHs 

80 

3 

3-Ch]oro-4-methoxj'- 

C 

ca. 80 

2 


C, 

— 

o 

2-Hydroxj'-4-methyl- 

E, 

Small 

o 

22 

2-Hydroxy-5-methyl- 

C, 

5 

3 

2 -Methoxy - 5 -methyl - 

E, C^Hs 

80 

0 


C, -n-ith or without benzene 

ca. 80 

9 o 

2-Ethoxj'-5-methyl- 

C, CgHs 

80 

3 

4-B;ydroxy-2-methyl- 

E, CgH, 

30 

22 


C, CgHs 

45-50 

3 lo 


E, CgHg (2-isopropyl-5- 

Small 

9n 


methylphenol) 



4-Methoxy-2-methyl- 

C 

ca. 80 

9 Q 

4-Ethoxy-2-methyl- 

C 

90 

o 

Q 

0-(CH2)2-0 



O 


C, CgHg 

33 

o 


kJcH3 


CHO CHO 

Slotta and Soremba, Ber., 68, 2059 (1935). 
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TABLE n — Continued 

A. Aldehydes Prepared from Monohydric Phenols or Their Ethers— dJontinued 


Substituent(s) in 
Benzaldehyde or 
Complete Structural 
Formula 


Reagents 


Yield, % Reference 


4-Hydroxy-3-methyl- 


4-Hydroxj--3-etliyl- 
4-Methoxj'-3-ethyl- 
4-Ethoxy-3-ethyl- 
4-(^-Bromoethoxy)-3 -ethy 1- 
O— O 

O-rOoH. 

CHO CHO 

0-(CH„)3-0 

CHO C*HO 


C or E, CgHg 35-40 

E, CjHg (2-methyl-5- SmaU 

isopropylphenol) 


C, CgHe 

65 

C 

90 

C 

80 

C, CgHs 

50 

C, C^He 

Almost 

quant. 

C. CeHe 

ca. 33 


4-lIydroxy.2,o-dimethyl- 

4-Hydroxj*-5-isopropyl- 

2-mothyl- 

4-Hydroxy-2-isopropyl- 

r>-mcthyl- 

O-(CIL), O 

Tt !^CH3 

CHO CHO 

4 -Hydroxy. 2,6-dimetlivl. 


3, 6, 19 
20 

3 

2, 3 
2,3 
3 


2-Hydroxy-3,4-dimetliyl- 

C 

Small 

18 

2-Hydroxy-4,5-diraethyl- 




3 

2-Hydroxy-6-isopropyl-3- 

methyl- 

E, 

Small 

20 

2-Hydroxy-3-isopropyl- 

O-mctliyl- 

E, 

Small 

20 

4 •Hydro.\y-2, 3-dimethyl- 

C, 

60 

3 


18 


C, (2,3,4-trimethylphenol) 

52 

18 

C, C.H^ 

80 

3 

C or E, CjHg 

Almost 

quant. 

3, 6, 19, 
20, 21 

C. 

30 

3 

E. C.Hg 

Good 

20, 21 

C. 

66 

3 

C. CeH, 

Almost 

quant. 

3 
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TABLE II — Continued 

A. Aldehydes Prepared from Monohydric Phenols or Their Ethers — Continued 


Substituen.t(s) in 
Benzaldehyde or 
Complete Structural 
Formula 


Reagents Yield, % Reference 


4-Methoxy-2,6-dimethyl- 

4-Ethoxy-2,6-dimethyl- 

4-Hydroxy-3,5-dimethyl- 


4 -Methoxy- 3 , 5 -dimethyl- 
4-Ethoxy- 3 , 6- dimethyl - 

2- Hydroxy-3, 4, 5-trimethyl. 

3- Hydroxy-2,4,6-trimethy]- 


B, ether 

B, ether 

C, CgHg 

C, (2,6-dimethylanisole) 

C, CgHs 

(2,4,6-trimethylanisole) 

C 

C 

C 

C, (mesityl methyl ether) 


Almost 

quant. 

Main 

product 


Poor* 

Moderate* 

Small 


3 

3 

3 

3 

18 

3 

3 

18 

18 


* This reaction involved some cleavage of the ether group. 
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TABLE 11 — Continued 


B. Aldehydes Prepared from Dihydric Phenols or 

Their Ethers 


Substituent(s) in 




Benzaldehyde or 

Complete Structural 

Reagents 

Yield, % Reference 

Formula 



- 

2,4-Dihydroxy- 

A or F, ether 

56-97 3, 

5, 11, 41, 
43, 44 


HCONHj, POCI 3 , ether 

— 

50 


C 

Almost 

19 



quant. 

69-82 

8 


BrCN, HCl, ZnClj, ether 

— 

48 

4-Hydroxy-2-methoxy- 

C, 

75 

3 


C 

80 

19 

2,4-Dimethoxy- 

C or E, CeHe 

80-almost 

3, 6 



quant. 



C 

ca. 80 

2 

2-Ethoxy-4.methoxy- and 

B, ether 

26 and 

53 

4-ethoxy-2-methoxy- 


32, resp. 


2-Mcthoxy-4-Ji-propoxy- 

B, ether 

26 and 

53 

and 4-methoxy-2-n-propoxy 


26, resp. 


4-Allyloxy-2-mothoxy- and 

B, ether 

32 and 

53 

2-allyloxy-4-methoxy- 


16, resp. 


4 -Bcn 7 ,yloxy- 2 -metlioxy- and 

B, ether 

Total 

53 

2-bcnzyloxy-4-mcthoxy- 


yield, 40 


4-Methoxy-2-pbenoxy- and 

C, CjHb 

Total 

54 

2-mcthoxy-4-plicnoxy- 


yield, 

40-45 


2 ,r>-T)imethoxy- 

c, CgHg 



3 

2 ,r)-T)iethoxy- 

C, CjHj 


3 

3,4-T)imctboxy- 

C 

ca. 80 

2 


C, C,He 

60 

3 

3,4-Dietboxy- 

c. 

75 

3 

CH; 





C, 




— 

3 

CHO 




4-Mr tb«x\-.3-pbonoxy- and 

C. CcHj 

40-45 

54 


I-CI'-inftlioxj-jilu'noxy)- 
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TAJBLE II — Continued 


B. Aldehydes Prepared from Dihydric Phenols or Their Ethers — Continued 


Substituent(s) in 




Benzaldehyde or 

Complete Structural 

Reagents 

Yield, % 

Reference 

Formula 




2,4-Dihydroxy-3-ethyl- 

F 



37 


A, ether 

— 

46 

2,4-Dihydroxy-3-formyl- 

E, ether (2,4-dihydroxy- 

10 

28 


benzaldehyde) 



2,4-Dihydroxy-3-nitro- 

E, ether 

— 

26 

3-Acetyl-2,4-dimethoxy- 

C, ether 

— 

25 


E, ether 

80 

32 

2 , 4-DihydrQxy- 5 -methyl - 

C, CgHg 

90 

3 

2,4-Dihydroxy-5-ethyl- 

C, CgHg 

Almost 

3 



quant. 


5-Carbomethoxy-2,4- 




dihydroxy- 

F, ether 

53 

102 

H 3 C' — K^cro 

B, ether 


51 

2,4-Dimethoxy-5-methyl- 

C, CgHg 

Almost 

3 



quant. 


2,4-Dihydroxy-6-methyl- 

A, ether 

93 

3, 41 


C 

Quant. 

2 


F, ether 

85 

5 

4 -Hy dr oxy - 2 -methoxy - 6 - 




methyl- 

C, CgHg 

— 

3 

2,4-Dimethoxj'- 6 -methyl- 

C, CgHg 

63 

3 

3-Acetyl-2, 6 -dihydroxy- 

C, ether 

— 

25 


E, ether 

45 

30 

2,6-Dihydroxy-3-propionyl- 

E, KCl, CH^CO,C,Hs, 

64 

33 


ether 



3-n-ButjTyl-2,6-dthydroxy- 

E, KCl, CH,CO„C„H.,. 

26 

33 


ether 



3-Benzoyl-2,6-dihydroxj'- 

E, KCl, CH 3 CO 2 C 2 H 5 , 

36 

33 


other 




C, ether 

— 

25 

3-Carbomethoxy-2,6-dihydroxy 

- C, ether 

ca. 30 

24 


E, ether 

65 

29 

2,6-Dihydroxy-3-nitro- 

E, ether 

— 

26 

Mody nnd Shnh, Proc. Irxdimn 

Acad. Sci., 34A, 77 (1951) [C. A., 

, 46. 11189 (10 

W)J. 
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TABLE H~Conlinucd 


B. Aldehydes Prepared from Dihijdric Phenols or Their Ethers— Continxicd 


Substituent(s) in 
Bemaldehyde or 

Complete Structural 
Formula 

Reagents 

Yield, % 

Reference 

4,5-DimetIioxy-2-metViyl- 

C, CgHg 

Almost 

quant. 

3 

5 -Ethoxy - 4 -methoxy -2 -methyl- 

C, CgHg 

— 

3 

Chloro-dihyd^oxy- 

C, CgHg 

Almost 

quant. 

3 

2 , 6 -Dihydroxy - 3 , 5 -dimethyl - 
Acetyl-2,6-dihydroxy-3- 

F, ether 


39 

phenyl- 

E, KCl, CHjCOjHg, ether 

61 

33 

3 -Acet 3 'l- 5 -ethyl- 2,6-dihydroxy- 
3-Carbomethoxy-5-ethj'l- 

• E, ether 

38 

32 

3,6-diliy(iroxy- 

E, ether 

57 

31 

3-rormyl-2,6-dihydroxy-4- 
methyl- or 3-formyl-2,4- 
dihydroxj'- 6 -methyl- 

E, ether (2,4-dihj'droxy-6- 
methylbenznldehj'de) 

E, KCl, ether (2,4- 
dihj'droxy- 6 -methjd- 


27 

3-Acetyl-2,6-dihydroxj'- 

benzaldehj'de) 

11 

28 

4-methyl- 

C, ether 

— 

25 


E, ether 

26 

32 

3 -Carbomethoxy- 2 , 6 -dih 3 '- 
droxy-4-methyl- or 
carbethoxy- analog 
3-Ethyl-4,6-dihydroxy- 

E, ether 

Almost 

quant. 

34 

2 -methjd- 

2,5-Dihydroxj'-3,4,6- 

F, ether 

51 

39 

trimethyl- 

3,5-DiethyI-2,6-dihydrox}'- 

E, CgHg 

47 

103 

4-methyl- 

5 -Carbethoxy- 2,4-dihydroxy - 

F, ether 

52 

39 

3,6-dimethyl- 
OCH 3 OCH 3 

E, ether 

62 

34 

6-0 

CHO CHO 

OC 2 H 5 OCoHs 

C, CgHg 

— 

3 

^ C, C 3 H 3 

^ CHO 

Smith and King, J. Am. Chem. Soc., 63, 1889 (1941). 

50 

3 
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TABLE II — Continued 
AUehydes Prepared frornTrU^ydric and Telrahydrio 

or Their Ethers ^ 


Substituent(s) in 
Benzaldehyde 


Phenols 


2.3.4- Trihydroxy- 

2.4- Dihydroxy-3-methoxy- 

2.4.5- Trihydroxy- 

2.5- Dihydroxy.4-inethoxy. 

2- Hydroxy.4.5-diinethoxy. 

4- Ethoxy-2 -hydroxy- 5 . 
^ethoxy- 

5- Ethoxy.2-hydroxy.4. 
methoxy- 

2.4.5- Trimethoxy. 

2.4.6- Trihydroxy. 
2.4-Dihydroxy.6.niethoxy. 

or 2,6.dihydroxy.4- 
rnethoxy- 

6- Etho^.2,4.dihydroxy. 

3- Ethyl.2,4,G.trihydroxy. 
-Formyl.2.4,6.trihydroxy. 
3-AcetyI.2,4,G.trihydroxy- 

^•Eormvl-O-hvrl,. 

•‘••"^'^'•'•'•2-hydroxv.4 6 

JirnPtlioxj.. 


Yield, ./. 


c, 

B, ether 
F, ether 
F, ether 

B, ether 

A. Zri(CN)2, ether 
A, Zn(CN)2. ether 

A. Zn(CN)2, ether 

Zn(CN)2, ether 

C. CeHg 

A, ether 

HOI, z„c,„ 

ether 

ether 

ether 

ether 
E, ether 
ether 

A 

E, ether 


50 

45 

93 

Almost 

quant. 

39 

85 

86 
71 

Very 

good 

Good 


97 

78 

2 

32 

51 


72 

71 

13 


56 

crude 


19 
3, 41 
5 
40 
3, 41 

35 

35 

35 

35 

52 

3, 41 
48 


42 

45 

47 

38 

28 

32 

25 

28 

45 

28 


45 

28 
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TABLE II — Continued 

C. Aldehydes Prepared from Trihydrie and Tetrahydrio Phenols 
or Their Ethers — Continued 


Substituent(s) in 
Benzaldehyde 

Reagents 

Yield, % 

Reference 

3-Formyl-2,4i6-trihydroxy- 

5-inethyl- 

A, ether (methylphloro- 
glucinol) 

7 

38 

5-Ethyl-3-formyl-2,4,6- 

trihydroxy- 

A, ether (ethylphloro- 
glucinol) 

24 

38 

5-t-Ainyl-3-formyl-2,4,C- 

trihydroxy- 

A, ether (i-nmylphloro- 
glucinol) 

15 

38 

3,5-Dicarl)ethoxy-2,4,6- 

trlhydroxj'- 

E, KCl, ether 

85 crude 

28 

2,4-Dihydroxy-3,6- 

F, ether (1,4-dunethoxy- 

— 

36 

dimethoxy- 

2,6-dibenzoxybenzene) 

79 

36 
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TABLE JV 

Ai-dehydes Peepaked prom Heterocyclic Cojepotoojs 


Product 

Reagents 

Yield, % 

Reference 

2-Furfural 

A, ether 

35 

74 

3-Methyl-2-furCura\ 

A, ether 

56 

105 

5 -M ethyl -2-fuTfura\ 

A, ether 

60 

74 

o-Ethyi-2-furfural 

A, ether 

53 

74 

3,o-Dimethyl-2-furfural 

A, ether 

12 

105 

[— Hoci.O'i'^CHoja 

6-Hydroxybenzofuran-5- 

carboxaldehyde 

A, ether 

Poor 

74 

B, ether 


51 

6-Hydroxy-3-inethylbenzo- 

furan-5-carboxaldchydo 

B, ether 



51 

6-Hydroxy-3,4-dimetbyl- 

benzofuran-5-carboxaldebyde B, ether 



42 

4,6-Dimethoxybenzofuran- 
7 -carboxaldehyde 

A, ether 

9 

75 

2-Carbethoxy-4,6-dimethoxj'- 
benzofuran-7-carboxaldehyde C, ether 

90 

75 


B, ether 

72 

75 

Dibenzofuran-3-oarboxaldehyde C, CHCl^CHClg 

81 

55 

2-Thiophcnecarboxaldehydo 

(o.o'-dihydroxy^- 

biphemd) 

C 

8 

64 

l-Mctbylpyrrolo- 2 -carbox- 

aldehyde 

A, ether, CHCI 3 

31 

64 

1 ->i-Butylpyrro!e- 2 -carbox- 
aldehyde 

A, ether 

61 

64 

1 -i-AmylpyTrole-2-carbox- 
aldohyde 

A, ether 

62 

64 

l-(2'-Furfurj-l)-pyrrole- 

2 -carboxaIdehydo 

A, ether 

16 

64 

r>-PlienylpyrroIe- 2 -carbox- 

aldchydo 

F, ether 


72 

5-Carlxrt!ioxypyiTole-2- 

carboxaidehydc 

A, CHCI 3 , ether 

28 

64 

3,4 -lIiincthylp\Trolc-2- 
carboxaldchyde 

A, ether 


106 


ZschoUkc, tind Goer^, Chim. Acta^ 14 , 127" 
*'* Fi'Aht'r ftrj-l HoMmami, .Inn., 533, 223 


( 1931 ). 
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TABLE IV 

Aldehydes PRErAiiEn eko.m IhrrEiiocvci.ic CoMroiTKDS 


Product 

Rcaponts 

Yield, % 

Reference 

2-Furfural 


A, ether 

35 

74 

3-Methyl-2-furfurnl 

A, ether 

50 

105 

5-^Icthyi-2-furfural 

A, other 

00 

74 

5-Ethyl-2-furfural 


A, ether 

53 

74 

3 ,5 -Dimethyl - 2 -fu rfural 

A, ether 

12 

105 

[— Hjcl^CHO 


A, ether 

Poor 

74 

n 




6-Hydroxybenzofuran-.')- 




carboxaldehydo 


n, other 


51 

6-Hydroxy-3-metbylben7.o- 


furan-5-carboxaldchydo 

6-Hydroxy.3,4-diniothyl. 

B, other 

— 

51 

benzofuran-B-carboxaldobvde 

B, other 


42 

4,6-Dimothoxybenzof\iran- 



7 -carboxaldehydo 

A, cthor 

0 

75 

2-Carbothoxy-4,G-dimethoxy- 


benzofuran-7 -carboxaldehydo 

C, other 

90 

75 

Dibenzofuran-3-carboxaldehydo 

B, other 

C. CHCLCHCU 

72 

81 

75 

55 



(o,o'-dihydroxv- 



2-Thiophenecarboxald6bydo 

l-Methylpyrrole-2-carbox- 

biphenvi) 

C 

8 

04 

aldehyde 

l-n-Butylpyrrole-2-carbox- 

A, ether, CHCI3 

31 

04 

aldehyde 

l-f-Ainylpyrrole-2-carbox- 

A, ether 

01 

64 

aldehyde 

l-(2'-Furfuryl)-pyrrole. 

A, ether 

02 

64 

2-carboxaldehyde 

A, ether 


64 

5-Phenylpyrrole- 

2-carbox- 

16 

aldehyde 

F, ether 



5-Carbethoxypyrrole-2- 

— 

72 

carboxaldehyde 

3,4-Dimethylpyrrole-2- 

A, CHCI3, ®ther 

28 

64 

carboxaldehyde 

A, ether 


106 

Fischer and W. 

Jiofc'mann, Ann.. 533, 225 (1930). 

1277 (1931). 
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TABLE IV — Contmued 

Aldehydes Prepahed from Heterocyclic Compounds 


Product 

Reagents 

Yield, % 

Reference 

3,6-Dimethylpyrrole-2- 

carboxaldehyde 

A, CHClg 

92 

63 


A, ether 

Moderate 

63 


HCONHo, POCI 3 

— 

50 

4-Broino-3,5-dimethylpyrrole- 

2 -oarboxaldehyde 

A, ether 

22 

67 

4-EthyL3,6-dimethylpyrroIe- 

2 -carboxaldehyde 

A, CHCI 3 

8 

107 

3-Carbethoxy-4,5-dimethyl- 

pjTTole-2-carboxaldehyde 

A, ether 

_ 

109 

4-Carbethoxy-3,5-dimethyl- 

pyrrole- 2 -oarboxaldehyde 

A, ether 

95 

68 

4- Acetyl - 3 , 5 - dimethy Ipy rrole - 
2 -carboxaldehyde 

A, ether or CHCI 3 

65 

62 

6-EthyI-3-methyl-4-propionyl- 

pyrrole- 2 -carboxaldehyde 

A, ether 

■ 

109 

^3^11 

OHC^jjJcH=C(CN)C 02 CH 3 

H 

2,4,5 -Trimethy Ipy rrole- 3 - 
carboxaldehyde 

A, CHCI 3 , ether 

35 

106 

A, CHCI 3 

67 

63 

5-Ethyl-2,4-dimethylpyTrole- 

3-carboxaldehyde 

A, HgO 

77 

108 

5-Carbethoxy-2,4-dimethyl- 

pyrrole-3-carboxaldehyde 

A, ether 

85 

69 


HCONHa, POCI 3 , 
ether 


50 

4-Carbethoxy-2,5-diinethyl- 

pyrrole-3-carboxaldehyde 

A, ether 

77 

68 


HCONH 2 , POCI 3 , 
ether 

_ 

50 

4-Carbethoxy-l,2,5-trimethyl- 

pyrrole-3-carboxaldehyde 

A, ether 

ca. 90 

70 

4-Carbethoxy-2,5-dimethyl-l- 

p-tolylpyrrole-3-carbox- 

aldehyde 

A, ether 

80-90 

70 


Fischer and Schubert, Ber., 56, 1202 (1923). 
108 iTischer and Walach, Ann,, 447, 38 (1926), 
Fischer and Klarer, A7in., 447, 48 (1926). 
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TABUu IV— OoiifiniiCf/ 


AT.DKiiYnr.s PuKrAnr.h 

nioM Ur.Tr.nocvcr.ic 

COMI’OttSDS 

Product 

R<'ag<‘nts 

Yield. % 

Bcfert'oco 

4-Cnrl)othoxy-l-phcnyl-2,5- 




dimcthyIpyrrolo-.‘J-cnrbox- 

aldehydo 

A. ether 

SO-PO 

70 

2-Mcthylintlolc-3-cftrbox- 



7 1 

aldehyde 

B, ether 

75 


E, ether 

IP 



A, CllCij 

PO 


A, ether 

87 


2-Carbcthoxyindolo-3- 



00 

carboxaldehydo 

A, GBCI 3 



1 ', ether 

S3 


2-Carhethoxy-7-motliylindolo- 


Good 


3-carboxaldohvdo 

F, other 

73 

2 -Hydroxy -4 -mothylthiazolc • 
4-carboxaldoliydo 

A, ether. 

25 

70 


CHCUCHCU 






— *** 


TABLE V 


COMrOtTNDS 

That Did 

XoT YiKLD AhDKirVDES 


Starting Material 

Reference 

Starting Material 

Reference 

Indene* 

7 

o-AIethoxybiphenyl t 

65 

Nitrobenzenet 

55 

Pyrrole* 

04 

2-Nitrophenolt 

65 

2-Carboxj'pyrrolo* 

04 

Benzoic Acidl 

55 

2-Acetylpyrrolo+ 

04 

Cinnamic Acid']' 

55 

Indole 

66 

Aniline'!' 

55 

Furfuryl methyl ether* 

74 

Diphenylamine'l' 

55 

Difurfuryl ether* 

74 

N.K-Dimethylaniline'!' 

55 

2-Cnrbomethoxy-4,7-di- 


Azohenzene'l' 

55 

mothoxy-G-hydroxy- 


Benzophenone'f 

65 

benzofuran 

36 

Anthraquinone ■!■ 

55 

4-Methylthiazoloi 

76 

1 ,5-Dihydroxyanthra- 


Bonzofuran^ 

74 

quinonef 

55 

Ethyl 2-furoato5; 

74 

o-Hydroxybiphenyl'j- 

55 

2-Acotylfuran+ 

74 


* A polymeric solid was formed. 

t The starting material was recovered or a polymeric solid was formed. 
+ The starting material was recovered. 
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INTRODUCTION 

In 1899, Baeyer and ViUiger* show ed that the oxidation of the alicj clic 
ketones menthone, tetrahydrocarvone (I), and camphor with permono- 
sulfimc acid led to the formation of lactones. 



I 

Fm’ther studies, using a variety of ketones or aldehydes and hydrogen 
peroxide or peracids in various media, have established that the oxidation 
represented by the following equation is of wide applicability. 


R— C— R' 

11 

O 


HjOj or peracid 


R— C— OR' 

11 

O 


This oxidation, the Baeyer- Villiger reaction, is the subject of this review. 
As the oxidation normally emploj’s mild conditions, gives reasonable 
yields, and shows a high degree of selectivity, it has proved useful in a 
variety of both sjmthetic and degradative studies. Recent investigations 
have led to a better definition of favorable experimental conditions and 
have extended appreciably the scope of the reaction. 


MECHANISM OF THE REACTION 
It is now generallj' agreed that the Baeyer- Villiger reaction is ionic 
in character. The favored reaction pattern was first outlined by Criegee in 
1948.- It assumes that in the first instance addition of the peroxide to 
the carbonjd group jdelds a hj^droxj’peroxide (A). This dissociates to give 
an electron-deficient ion (B), which rearranges to C with cleavage of a 
carbon-carbon bond. The postulated carbonium ion C decomposes to the 
ester D in a normal fvay. 

This mechanism has recently been the subject of detailed discussion by 
a number of authors.^ ® The scheme accounts for the observation that 
m the oxidation of substituted acetophenones with perbenzoic acid the 

^ Baeyer and Villiger, Ber., 32, 3625 (18D9). 

= Criegee, Ann., 560, 127 (194S). 
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support^ by the oteerr.Hon that flporapono peroyida, f«™hla“d M 
It' rearranged to the lae.one V on heating.- There „ now ev.d »»» that 
fluorenone peroxide is a molecular complex of fluorenone and flu 
hydroperoxide.is There is no evidence for the existence o - 
“oxoxides.” 



It has been postulated that hj'droxyl radicals may participate^ m the 
oxidation by interacting \nth the enolic form of the ketone.^® t is 
unhkely that such a step is involved in the Baeyer-Villiger reaction, as 
many ketones that are not capable of enolization undergo the reaction. 
Also, in cases where it is established that attack on enols takes place, 
hydroxylation and not Baeyer-Villiger oxidation occurs.’" It has been 
shown that unsaturated ketones may undergo Baeyer-Villiger oxidation 
without the olefinic bonds being attacked.’® This would not be expecte 
if free hydroxyl radicals were involved.’® 


SCOPE OF THE REACTION 

Saturated Aliphatic Ketones. There is only one example of the 
Baeyer-Villiger oxidation of a simple ketone of the ty^ie RCHoCOCHsR 
to an ester. Methjd n-hexyl ketone gives ii-hexjd acetate (VI) and its 
hydrol5^sis products on treatment with hydrogen peroxide in hydrofluoric 
acid.®® 


CH3(CH2)gCOCH3 ^ 5 ^ CHgtCHalgOCOCHa -p CH3CO2H -p CH 3 (CH 2 ) 50 H 

VI 

It has been shomi that hydrogen peroxide in the presence of sidfuric 
acid may oxidize such ketones to ketone peroxides and a-ketols.®’ Ber- 
benzoic acid is said to have no significant action." However, as peracids 
have not yet been used under the most favorable conditions there is no 
decisive evidence that they will not react with these simple ketones. 

n Wittig and Pieper, Ber., 73, 295 (1940). 

Criegee, Schnorrenterg, and Becke, .dnn., 565, 7 (1919). 

Boeseken, Proc. Acad. Sci. Amsterdam, 33, 134 (1930) [C. A., 24, 3806 (1930)]. 

Kritcheraky and Gallagher, J. Biol. Chem., 179, 507 (1949). 

Karrer and Schneider, Hell’. Chim. Acta, 30, 859 (1947). 

Baxendale, Evans, and Park, Trans. Faraday Soc., 42, 155 (1946). 

Hudlecky, Chem. Lisly, 45, 380 (1952) [C. A., 47, 8012 (1953)]. 

" Pastureau. Compt. rend., 140, 1592 (1905); Bull. soc. chim. France, [4] 5, 227 (1909). 

- Baeyer and A'^illiger, Ber., 33, 1569 (1900). 
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When ketones with the carbonyl group attached to at least one secondary 
carbon atom are treated with peracids, esters are formed. The secondary 
grouping rearranges in preference to a primary one. In the series of ali- 
cyclic methyl ketones from methyl cjmlobutyl ketone to methyl cyclo- 
heptyl ketone, oxidation with perbenzoic acid gives yields of acetates 
ranging from 58 to 78%.^^ 



Steroid alcohols with the h 3 'drox 3 d group attached to C-17 may be 
prepared conveniently bj' the Baeyer-Villiger oxidation of 20-keto steroids, 
such as pregnan-3a,12a-diol-20-one diacetate (VII). 



This method was first applied using persulfuric acid,^^ but low' yields 
W'ere sometimes obtained,-® and alternative procedures for the preparation 
of C-17 alcohols appeared preferable.^® However, it has been found 
that perbenzoic acid and monoperphthalic acid give higher yields, 
particularly w'hen acid catalysts are present.^^i Also, unhke the 
alternative procedures, w'hich involve ozonization or nitrosation, the 
reaction may be applied to imsaturated ketones such as pregnenolone 
The oxidation has been used as the key step in a degradation of sar- 
sapogenin (VIII) to pregnan-3,16,20-triol (IX).®® 

Friess and Pinson, J, Am. Chein. Soc.y 74, 1302 (1952). 

Marker and co-workers, J. Am. Chem, Soc., 62, 650, 2543, 2621, 3003 (1940). 

Koechlin and Reichstein, Helv. Ohim. Acta^ 27, 549 (1944). 

Fieser and Fieser, Natural Products Related to Phenanthrene^ 3rd ed., p. 400, Reinhold 
Publishing Corp., 1949. 

Sarett, J. Am. Chem. Soc., 69, 2899 (1947). 

Wieland and Miescher, Helv. Chim. Acta^ 32, 1 *68 (1949), 

Jlarkor, Rohrmann, Crooks, Whittle, Jones, and Turner, J. Am. Chem. Soc 69 525 
(1940). - ^ 
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CHOHCH, 


/ 


OH 


IX 



The value of the Baeyer-Villiger reaction in this scries is enhanced bj 
decisive evidence that rearrangement occurs with retention of configura- 
tion.’' This fact has been utilized in the preparation of 2 -decalols 
and C-17 hydroxy steroids of definite configuration.®'^ 

Alicyclic Ketones. Alicyelic ketones ranging from cyclobutanone to 
oycloheptadecanone (X, n = 14)®> ®®' have been oxidized under Baeyer- 
Villiger conditions. The reaction provides a convenient method for deter- 
mining structure and for preparing relatively inaccessible lactones and 
hydroxy acids. When persulfuric acid or hydrogen peroxide-hydrofluoric 
acid’® is used for the oxidation, polyesters of the hydroxy acids are 
obtained. The ethyl esters of the simple hj'droxy acids are formed when 
ethanol is present.®® Organic peracids give excellent yields of lactones. 



Pcracid 
> 


HjSOj 

CjHjOH 



H0CH2(CH2)„CH2C02C2H5 


Mis ow and Brenner. J. Am. Chem. Soc., 75, 2319 (1953). 

SI “'J Kritsohevsky, J. Am. Cham. Soc., 72, 882 (1950). 

^ Dauben and Hoerger, J. Am. Chem. Soc., 73, 1505 (1951). 

« RWiT" CAem. Soc., 74, 2679 (1952). 

Robmson and Smith. J. Chem, Soc., 1937, 371. 
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The oxidation has also been carried out under alkaline conditions but the 
yields recorded are low.®®“^® 

In the steroid series the procedure has been applied to compounds 
having carbonyl groups at C-3,28. 39-43 q _7 44 C_17.45, 4 g j|. 

demonstrated that conditions suitable for the oxidation of such compounds 
do not lead to any action on C-IP’ or 0 - 12^0 carbonyl groups, although 
oxidation at C-12 does occur when a large excess of peracid is used 
There is evidence that oxidation of the C-3 carbonyl group of cholestan- 
3-one and coprostan-3-one with persulfuric acid is inhibited by the presence 
of bromine in the 2- or 4-positions,4’ but that is not the case when excess 
perbenzoic acid is employed.^® The oxidation of androstan-3-one (XI) 
gives the lactone XII/® 7-Ketocholestan-3/5-ol (XIII) is oxidized to the 
lactone XIV.'** 



In the oxidation of 17-keto steroids there is some doubt as to wh' h 
bond adjacent to the carbon 3 d group is broken, but the e-iidence av 'I 
favors the formulation XV for the lactone.*® ^ ® 


=« Westereeld, J. Biol. Chem., 143, 177 (1942). 

Fling, Minard, and Fox, J. Am. Ghcm. vSoc., 69, 2467 (1947). 

Heine and Jones, J. Am. Chem. Soc., 73, 1361 (1951). 

Gardner and Godden, Biochem. J., 7, 588 (1913). 

Burckhardt and Beichstein, Helv. Chim. ActOt 25, 1434 (1942). 
Ruzicka, Prelog, and Meister, Helv, Chim. Acta, 28, 1651 (1945). 
Salamon, Z. physiol. Chem., 272, 61 (1941). 

Prelog, Ruzicka, Jleistcr, and Wieland, Helv. Chim. Acta, 28, 618, 165J 
** Heusser, Segre, and Plattner, Helv. Chim. Acta, 31, 1183 (1948). 
Jacobsen, J. Biol. Chem., 171, 61 (1947). 

Picha, J. Am. Chem. Soc., 74, 703 (1952). 

Marker, J. Am. Chem. Soc., 62, 2543 (1940). 
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Aromatic Ketones. The oxidation of diaryl ketones with p 
regularly leads to the formation of esters or their hydrolysis pro • 
Although this reaction is of little value as a preparative procedme, i 
provide a convenient means of establishing the structures of 
stituted benzophenoncs and alkyl aryl ketones.^® The ^ 

drastic and more specific than the degradation procedures uivolving a 
fusion” or acid hydrolysis®® that have been applied to natural pro uc • 
In the cleavage of unsj^metrical ketones the migrating group i 
normally the more electron-releasing one. Substituents in the aroma 
nuclei influence the course of reaction in a manner similar to that observe 
in normal nucleophilic aromatic substitution. Thus treatment o 
p-mothoxybenzophenone with peracetic acid gives benzoic acid and hy ro 
quinonc monomethyl ether, while cleavage of p-nitrobenzophenone gives 
p-nilrobcnzoic acid and phenol exclusively.'* 



In.-iuflicient information is available to make it possible to predict the 
course of reaction of alkyl aryl ketones with certainty’. Treatment with 
]ieracids and hydrogen peroxide in acid or neutral solution may' lead to 
the mitrration of either the aromatic or the aliphatic group.*® Thus, 
with peracetic acid, acetophenone gives a mixture of cstors,"* and cy'clo- 
hcxyl phenyl ketone gives cstcr.s XVI and XVII in the approximate 
^irojMirtion of .o : 1 


CV,H,COC,II, 


CtHiCO.CsIIii 

xvi 


XVII 
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However, in one study of the oxidation of meta- and ^Jura-substituted 
acetophenones with perbenzoic acid, acetates alone were obtained in 
good yields.!® 

AUcyl aryl ketones containing hydroxyl groups in the ortho or para 
position are converted to polyhydric phenols by hydrogen peroxide in 
alkaline solution. The yields are poor.®^ 

a,p-Unsaturated Ketones. The application of the Baeyer-Villiger 
reaction to this group of compounds should lead to reaction according to 
either A or B. Another possibility is preferential attack at the olefinic 
hnkage leading to an a, /3-epoxyketone (C). 


B.CH=CH0C0R' a (cleavage toward C==C) 



RCH CHCOR' >RCH — CHCOjR' B (cleavage away from C=C) 



RCH — CHCOR' C 

Although only a limited number of cases have been studied, examples of 
the formation of aU three types of compound are available. The oxidation 
of benzalacetone (XVIII) with peracetic acid leads exclusively to the 
ester XIX.®® 

C6HgCH=CHCOCH3 CgHgCH^CHOCOCH, 

XVIII XIX 

An a-phenyl-a,/S-unsaturated ketone (XX) gives a mixtm-e of epoxyketone 
and the ester XXI. ®« 

RCH=C(CeH5)COCH3 ^ RCH=C(CsH5)C02CH3 -f RCH— C(C3Hs)COCH 

XX XXI 3 

Oxidation of A!®-20-ketosteroids ivith perbenzoic acid leads to prefer 

ential attack at the olefinic linkage. Pregna-5,6-dien-3j3-ol-20-one acetate' 
has been converted in this way to 16,17-epoxypregna-5-en-3/3-ol.20-one 

acetate, a useful intermediate in the preparation of l^a-hydroxypro 
gesterone.®® 

When a,/S-unsaturated ketones are treated with hydrogen peroxide ‘ 
alkaline solution, epoxyketones are formed.®® ®® There is no evidence 
of the Baeyer-ViUiger reaction occurring under these conditions. 

Dakin, Am. Chem. J., 42, 474 (1909). 

Boeseken and Soeaman, Rec. trav. chim., 52, 874 (1933). 

Wenkert and Rubin, NaturCy 170, 708 (1952). 

Julian, Meyer, and Ryden, J. Am. Chem.Soc., 72, 367 (1950). 

“ Kohler, Richtmeyer, and Hester, J. Am. Chem. Soc.y 53, 213 (1931). 

” Fieser and co-workers, J. Am. Chem. Soc., 61, 3216 (193^; 62, 2866 (I 940 ). 

Barkley, Farrar, Knowles, and Raffelson, J. Am. Chem. Soc.y 75, 41 iQ 
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Polycarbonyl Compounds. a-Diketones and a-keto acids 
readily mth Baeyer-Villiger reagents.®®-®^ In inert solvents anhy i es 
are formed, wliile in alkaline or acidic media simple carboxylic acids 
are generally produced in good yields. It would appear from some com 
parisons of conditions that higher jdelds are obtained when the oxidations 
are conducted in alkaline solution.®® 

The oxidation has been used in establishing structure and in the prepara- 
tion of relatively inaccessible carboxylic acids. As typical example^ 
9,10-diketostearic acid is converted quantitatively to azelaic an 
pelargonic acid,®^ 

CH3(CH2),C0C0(CH2),C02H -t- CH3CO3H 

CH3(CH2)7C02H -1- H02C(CH2)7C02H 

and phenanthraquinone forms diphenic acid.®®' "® 

Unsaturated a-diketones react in a similar manner. Treatment of 
4-methyl-o-ben7.oquinone (XXII) with monoperphthalic acid gives 
^-methylmuconic anhydride XXIII.®® 



XXII XXIII 


Dicinnamylidenebiacetyl (XXIV) is oxidized to the anhydride XXV ,®® 

CjH5(CH=CH)2COCO(CH=CH)2C5H5 -> 
xxrr 


C5H5(CH=CH)2C02C0(CH=CH)2C6H5 


■'i'- 

XXV 


French and Scars, J. Am, Chfm, Soc., 70, 1279 (1948), 

Uollctnan. Jl,c. trav. Mm., 23, 170 (1904). 

•' B.>«i kcn and Sloof, Ptc. irav. Mm., 49, 91 (1930). 

” Ilchr-rt, iJ<'r.,30, 1041 (1897). 

** Mcits and Scheffer, JJrr., 54 , 2327 (1921). 

(IKl)^^'''’^'”' '* Soc. Can., (Ill), 44, 25 (1950) [C. A., 45, 1951 

\\ ■'"<1 Xcm>inh, Hrlr. Ch<m. Acta, 31, 1210 (1948). 

,, Xcuss. Htlr. Chim. Acta, 29, 1830 (1946). 

Karrc- „nd Hohl, tide. Chim. Acta, 32, 1932 (1949). 

* Utlf. Chim. Ada, 30, 1075 (1047). 

"’“’c®’"' Soc., 1939, 855. 

1 rrsi.n, I'rac. Ckfm. Sac., 23, 160 (1907). 
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and puberulic acid (XXVI), presumably reacting through the keto form, 
is oxidized to aconitic acid (XXVII), 

COgH COjH 

I 1 

CH CH, 

CO2H 
xx-sai 

The oxidation of a-diketones normaUy involves cleavage between the 
carbonyl groups. However, it has been shomi that the reaction of 
2,2',4,4'-tetranitrobenzil -with alkaline hydrogen peroxide gives 2,4- 
dinitrophenol and not 2,4-dinitrobenzoic acid which is formed in an acidic 
medium."^ 

The oxidation of 1,3-diketones and / 3 -keto acids vnth peracids does not 
follow the normal pattern of the Baeyer-Vihiger reaction. Treatment of 
dibenzoylmethane derivatives with perbenzoic acid leads to the formation 
of the corresponding dibenzoylcarbinols.’®"’® 

CsHgCOCHgCOCsHg -> CgHgCOCHlOHlCOCgHg 

In an earlier study” it was found that an equimolecular amount of 
peracetic acid oxidized 1,3-diketones or /9-keto acids to an acid and an 
alcohol. With excess peracetic acid a mixture of acids is formed. The 
first reaction was interpreted as involving migration of the group R 
lying between the carbonyl groups. 

RCOCH(R')COR" + CH3CO3H RR'CHOH -f R'COCOgH 

R=CH3, CgHg, CgHii; R'=H, CH3, CgHgCHg; R'=CH3, 

When /3-triketones such as 2-acetylindan-l,3-dione (XXVIII) are 
treated with hydrogen peroxide in diethyl ether there is preferential 
oxidation of the acyl side chain leading to the formation of an ester 
(XXIX).” In acidic or aUcaline media, hydrogen peroxide oxidizes 
2-acetylindan-l,3-dione to a mixture of acetic and phthahc acids. 


oHyO 


C02H 


XXVI 


Corbett, Hassall, Johnson, and Todd, Chemistry <fc Industry, 1949, 626. 
Blatt and Bj-tina, J. Am. Chem. Soc., 72, 403 (1950). 

” Blatt and Hawldns, J. Am. CAem. ^oc., 58 , 81 ( 1936 ). 

’* Karrer, Albers-Schonberg, and Kebrlo, Helv. Chtm. Acta, 35, 1498 (1952). 
” Karrer, Kebrie, and Thakkar, Helv. Chim. Acta, 33, 1711 (1950). 

Karrer, Kebrie, and Albers-Schonberg, Helv. Chim. Acta, 34, 1014 (1951). 
” Boeseken and Jacobs, Bee. trav. chim., 55, 804 (1936). 

Hassall, J. Chem. iSoc., 1948, 50. 
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-CH3CO2H 




The Bncyer-Villigcr reaction has been used in the elucidation of the 
structure of the natiural product leptospermone (XXX).’® 

Aldehydes. Peracids generally convert both aliphatic and aromatic 
aldehydes to carboxylic acids.®*-®® Hydrogen peroxide reacts with 
aliphatic aldehydes in neutral media to give hydroxyhydroperoxides.®^’ 

It is significant, however, that such peroxides rearrange readily on heating 
to give a mixture of the corresponding carboxylic acid and the formate 
of the next lower alcohol. This behavior suggests that the oxidation of 
nldchydc.s with peroxides normally follows the Baeyer-Villiger pattern. 


CHjfCHjl^CHO + H„0„ -K CHjlCHglsCHfOHlO^H 

CHjfCHjljOCHO + CHafCHalgCOaH 

The oxidation of citral (XXXI) to the lower aldehyde XXXII is 
example of a situil.ar course of reaction.®® 

nn^iRll. nnd Short, J. Chm. Soc., 1915, 700. 

D (inrl Kti^ip, Urr., 48, 1130 (1915). 

""'J Ri'-lilt r, .-Ir.n. 495, 281 (1932). 

*• Bn<l Kfiron. J. /V.yr. Chtm.. 39, 817 (1935). 

•• n Am. Chcm.Soc., 67, 1275 (1945). 

.. Vrd Ozonid.. p. 30. Stcinkopf. Lcipttii:. 1931. 
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(CH3)2C=CH(CH2)2C(CH3)=CHCH0 

XXXI 


C6H5C03H 




(CH3)2C CH(CH2)2C(CH3)=CH0CH0 


/' 


On 


(CH3)2C CH(CH2)2CH(CH3)CH0 + HCO,H 

XXXII 


The oxidation of aliphatic aldehydes with hydrogen peroxide in acid and 
alkahne solution occasionally leads to the formation of hydrogen and 
hydrocarbons in addition to carboxylic acids. reactions appear 
to involve a radical mechanism in addition to the normal ionic process 

Aromatic aldehydes have been oxidized vdth peroxides in a variety of 
media. In neutral or acid solution the action of peracids and hydrogen 
peroxide resembles that with alkyl aryl ketones under similar 
conditions.®®! Benzaldehyde reacts with hydrogen peroxide in ether to 
give benzoic acid and only traces of phenol.®® In aldehydes ivith electron- 
releasing substituents such as alkoxyl, hydroxyl, and amino®® in the ortho 
or para positions, the formyl group tends to migrate, producing formates 
or phenols according to the conditions employed. 

The oxidation of aromatic aldehydes in alkaline solution was first 
studied by Dakin,®® who indicated that the reaction occurred only when 
hydroxyl groups were present in the ortho or para positions. In such 
cases good yields of polyhydric phenols are obtained through the replace 
ment of formyl by hydroxyl groupings. As Table VI indicates, the Dakin 
procedure has been applied successfully to a variety of substituted 
phenolic aldehydes. It has been used for the synthesis of phenols such 
morphol®^ (XXIII) which are not readily accessible by other meanT 



** PajTio nnd Lemon, J, Am. Chem. Soc., 63, 226 (1941). 
Fry find Pajme, J. Am. Chem. Soc.^ 53, 1973 (1931). 
Bezzi, Gazz. chim. iVol., 63, 345 (1933). 

Bnch nnd Gencrosov, J?cr., 55, 35C0 (1922). 

B6osekcn nnd Group, Hec. trav. chim., 58, 528 (1939). 
M'ncok nnd Bczard, Ber., 74, S45 (1941). 

Spath, Pnilcr, nnd Gergeloy, Bcr., 73, 935 (1940). 

** Bnmbcrgcr, Ber., 36, 2042 (1903). 

** Barger, J. Chem. Soe., 113, 2IS (1018). 
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It is of interest that the aldehydes XXXIV and XXXV , in which there is 
a nitro group ortho to the hydroxyl, are not attacked, while the aldehydes 
XXXVI and XXXVII react in the normal way.^^ The inhibiting effect 


CHO 



OH 

xxxiv 


CHO 



OH 

XXXV 


CHO 



XXXVI 


CHO 

^^OCHa 

OH 

XXXVII 


is probably due to intramolecular hydrogen bonding. It has been suggested 
that the Dakin oxidation follows a different course from the Baeyer- 
Villiger reaction,®® but this has not been substantiated. 

Side Reactions. Structural elements other than carbonyl groups may 
be attacked under the conditions used for theBaeyer-Villiger reaction. The 
susceptibility of olefinic linkages to oxidation by peracids is well known.®® 
Aromatic hydrocarbons, such as mesitylene,®’ methylcholanthrene, and 
benzpjTene,®® which are particularly sensitive to attack by electrophilic 
reagents, may be oxidized preferentially. The reactivity of other groupings 
was reviewed in 1949.®® 

There are some isolated examples of oxidation of the normal products 
of reaction by Baeyer-Villiger reagents. For example, phenols may react 
vith peracids,'®®"!®® and demethylation of aromatic ethers may occur.'®* 
Catechols and hydroquinones may be oxidized through quinones’® to 
carboxylic acids.'®®- 'O' However, if a large excess of reagent is avoided 
it is generaUy possible to obtain substantial yields of phenols from Baeyer- 
Villiger reactions.” In one example of the Dakin reaction, the oxidation 

“'^'J®^®°®'J"C'methoxybenzaldehyde, the formation of an rmidentified, 
abnormal product has been reported.'®® 

There is e\ idence, in two cases, of oxidation of secondary alcohols by 
* c®^cess peracetic acid. When 1,3-diketones react with excess 

ns peracid, a ketone is obtained in the place of the secondary alcohol 
proauced with an equimolar amount.” The steroid hydroxy ketone 


U neck nnd Kppinger, litr.. 73 , 044 (1940). 

.Swi-ni, Orri. Rtactims, 7, 378 (1953). 

• I Am. Chrm. Soc., 72, 2611 (19501 

•' r.ckhnrdt. 73. 13 (1940) ‘ 

45 , 1 (1949). 

(1932)). Proc. Acatl.Sci. Aimlerdam, 34, 1292 (1931) [O. A., 26, 2970 

*" W-'m. Bfr.. 84, no (1931). 

f 1103 (1935). 

- nnt .ov'nllml, J. Am. Chem. Soc., 75, 4C07 (1953). 
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XXXVIII is oxidized with excess peracetic acid to the diketone XL and to 
XLI in addition to the normal product XXXIX. The rearrangement 
of the double bond from the ^,y to the a,/S position resembles that observed 
in other oxidations of A®-3-hydroxy steroids.^®® The oxidation of alio- 



Bfg, excessCgHgCOjH, 2n 



pregnan-20-one with persulfuric acid gives, in addition to the normal 
product androstan-17/3-ol, a significant yield of allopregnan-21-ol-20-one.^^ 
This arises from the action of the peracid on the enohc form of the C-20 
keto group. 

SELECTION OF EXPERIMENTAL CONDITIONS 

Peroxides. Hydrogen peroxide, permono- and perdi-sidfuric acid, 
peracetic acid, perbenzoic acid, and monoperplithahc acid have all been 
used as reagents in the Bae3"er-Villiger reaction. Although there is little 
precise information on the relative efficiencies of these peroxides, there is 
sufficient evidence to permit some general conclusions. 

Hj'drogen peroxide in dilute acid or in neutral solution sometimes 
converts carbon3d compounds to normal Bae3’er-Villiger o.xidation pro- 
ducts, but more frequently h3^(irox3di3'droperoxides and their condensation 
products are formed. The simple and condensed peroxides XLII-XLV 
ure produced b3' the action of h3'drogcn peroxide in diethvi ether on cydo- 
hexanone.ior, is Similar compounds are formed from aliphatic aldehydesn 

Djcrassi, Org. UcactxojiSt 6, 212 (1951). 

MUos nnd Panngiotnkos. J. Am. Chtrn.Soc,, 61, 2430 (1939). 
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and fluorenone^^ under these conditions, although normal Baeyer-Villi^r 
oxidation products are obtained uithout difficulty when peracids are us 



XLTV 


From these observations and the fact that the peroxides of cyclohexanone, 
fiuorenone, and aliphatic aldehydes are converted by heating or by treat- 
ment with acids to the Baeyer-Villiger reaction products, it appears that 
hydrogen peroxide in, ether or dilute acid is less effective since it does not 
favor the dissociation and rearrangement steps postulated for the Baeyer- 
Villiger reaction (p. 75). 

In the related rearrangement of esters of the hydroperoxide formed from 
decahydronaphthalene (XLVl),'' the dissociation step is influenced both 
by hydrogen-ion catalysis and by the nature of the acyl group RCO . The 



OCOK 



acetate and benzoate rearrange readily on warming. The p-nitrobenzoate 
rcan^es more readily than the benzoate, and all attempts to prepare the 
oracetate lead to the rearrangement product. By analogy, it may 
1 that the Baeyer-Villiger reaction is favored by conditions 

Th formation of peroxide esters of relatively strong acids, 

ere is Uttle evidence on this point, but the fact that the organic peracids 
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have proved more generaUy useful than hydrogen peroxide is in agreement 
with this view. The more limited applicability of the persulfuric acids is 
to be attributed in part to the fact that their use in aqueous solution favors 
the formation of peroxides. Though persulfuric acids and their salts have 
been used successfully in non-aqueous media, organic peracids are more 
convenient. 


Hydrogen peroxide in allsaline solution differs in reactivity from other 
Baeyer-ViUiger reagents. In the Dakin reaction and the cleavage of 
a-diketones, alkahne conditions are to be preferred. With a,/?-unsaturated 
ketones, however, these conditions lead exclusively to epoxyketones 
rather than Baeyer-ViUiger reaction products. There has been a 
useful study of the kinetic course of the oxidation of mesityl oxide 
and of ethjdideneacetone by hydrogen peroxide in an alkaline medium.io’“ 
It would be desirable to obtain further information on the course 
and kinetics of reactions involving alkaline hydrogen peroxide. 

In all peroxide oxidations of new compounds the possibility of reactions 
occurring with explosive violence m-ust be considered. Trial experiments 
should he carried out using smaU quantities of material. Large excesses 
of reagents should be avoided, and if significant quantities of unconsumed 
peroxides remain at the end of the reaction they should be destroyed by 
reducing agents such as sodium bisulfite or ferrous sulfate before isolation 
of the products is attempted. 

It is generally possible to foUow the course of the Baeyer-ViUiger 
reaction by estimating the active ox3'gen at intervals. Blank deter- 
minations should be carried out, particularly when long reaction times 
are involved, as the reagents may decompose imder the conditions of the 
experiment. Information on conditions influencing the stabUity of 
peroxides is included in reviews on the general properties of hj'drogeu 
peroxider®s~no and peracids.®^ In addition to temperature and_pU^ euch 
factors as intensit3’’ oI iUumination, solvent polarity, and trace-metal 
impurities may play an important role.^^*““^ 

The followmg procedures are convenient for the preparation of the 
peroxides used in the Baeyer-ViUiger reaction. Further iiUbrmation on 
methods of preparation of organic peracids is included in revie\v,iiyG,63 
and also procedures for the anatysis of pero.xides have been summarize^ ns 


Bunton and Minkoff, J. Chem. Soc., 1949, 065. 

Shanlev and Greenspan, Jnd, Eng. Chem., 39, 1536 (1947). 
Medard, Compl. rend., 222, 1491 (1946). 

Schumb, Jnd. Eng. CAcm., 41, 992 (1949). 

Bocseken and Blumbergcr, Bee. tear, chim., 44, 90 (1925). 
Caldenvood and Lane. J. Bhys. Chem., 45, 108 (1041). 

Mcerrvein. Ogait, Prang, and Scrini. J. praU. Chem., 113, 9 (19-6). 
Criegee. Fortsehr. chem. Forseh., 1, 508 (1950). 

Sworn. Org. BcactionSf 7, 392 (1953). 
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Hydrogen Peroxide. In alkaline solution, hydrogen peroxit^e 
decomposes relatively rapidh’ and is particularly sensitive to impurities. 
These facts must be taken into consideration to ensure that a sufficient 
excess of reagent is available. The majority of Baeyer-Villiger oxidations 
involving alkaline hydrogen peroxide employ dilute sodium hydroxide in 
slight excess of the amomit required to keep the reactants and products in 
solution. Aimnonium hydroxide*’- and potassium bicarbonate'® have also 
been used, and pyridine has been added in reactions in which the sodium 
salt of the starting material is relativel 3 ’ insoluble in water.'®’ 

Hj’drogen peroxide in ether is eonvenientlj’ prepared by’ shaking 50 g- 
of 30% hj'drogen peroxide with five 100-ml. portions of diethyl 
ether. The ether extract is dried first with sodium sulfate and then 
with calcium chloride. It contains approximatclj’ 2% hydrogen peroxide. 

A more concentrated solution (4-6%) may be obtained bj' evaporation of 
ether from the dilute solution at room temperature under reduced 
pressure.®® The concentration of hydrogen peroxide maj' bo determined 
iodimetricallj’. Ceric sulfate is used for the titration of hj'drogen peroxide 
when aldehj'des are present.®'- 

Hj’drogen peroxide has also been used in acetone,®® in formic acid- 
chloroform, and in acetic acid.®*® It has been shown in the oxidation 
of androsterone acetate that a dilute solution of peracetic acid in glacial 
acetic acid is preferable to hj’drogen peroxide in acetic acid.®*® 

Persulfuric Acid. Baej’er and Villiger’s “dry reagent” is prepared by 
mixing 10 g. of potassium persulfate with 11 g. of concentrated sulfuric 
acid in a mortar, adding 30 g. of potassium sulfate, and grinding the 
mixture to a fine powder.® This reagent is stable in the absence of moisture. 

Oxidations have been carried out using suspensions of the dry reagent® 
or solutions of persulfuric acid in glacial acetic acid,®' in concentrated 
and dilute sulfuric acid, in petroleum ether,'® and in ethanol-sulfm'ic acid.'® 
Methods for the estimation of permono- and perdi-sulfuric acid have been 
described.®®®- ®'i 

Perbenzoic Acid. Details of the preparation of this acid are given in 
Organic Reactions . A product of 99.7% purity is prepared by vacuum 
sublimation of crude material at 40°.®®' 


U’ and Young J. Am. Chem. Soc.. 55, 3260 (1933). 

118 M ® and Kocor, Helv. Chim. Ada, 31, 237 (1948). 

Mannich, Ber., 74, 1007 ( 1941 ). 

Z J- Biol. Chem., 171, 71 (1947). 

m rnedench. Ber., 43, 1880 (1910). 

(1949)]!^ 2ulueta, Anales real soc. espaii.Jis. y qutm., 44B, 923 (1948) [C. A., 43, ! 

1-3 1%™’ 7, 394 (1953). 

- D Ans. Manner, and Buaae, Any™. Chem., 65, 57 (1953). 
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a typical example, benzophenone is oxidized by peracetic acid in glacia 
acetic acid to phenyl acetate in 44% yield in one hundred and ninety-t'vo 
hours, but when concentrated sulfuric acid (25%) is added 82% conversion 
occurs in thirty minutest 

The oxidation of carbonyl compounds with peroxides in the presence 
of metal catalysts'®^' '®® does not appear to follow the same course as the 
Baeyer-Villiger reaction. 

Temperature and Time. A wide range of temperatures has been 
employed in Baeyer-Villiger oxidations. In some earlier applications of 
the reaction the carbonyl compounds were heated under reflux with 
peroxides in relatively high-boiling solvents. This is not to be recom- 
mended as a general procedure. Temperatures above 45° normally lead to 
excessive decomposition of peroxides, and under such conditions a large 
excess of reagent is required to replace the loss and may lead to oxidation 
of the normal products. There are exceptional cases involving the oxida- 
tion of aromatic aldehydes and ketones in which higher reaction tempera- 
tures have been used successfully, but in these oxidations short reaction 
times are involved.'®' The reaction is normally carried out at a tem- 
perature of 10-40°. Lower temperatures may lead to excessively long 
reaction times and to reduced yields.®® 

When oxidations are carried out with organic peracids or hydrogen 
peroxide in neutral media, reaction times may vary from several hours 
to several weeks, according to the molecular species. As a typical exampl©) 
oxidation of 3-ketosteroids with perbenzoic acid in chloroform is complete 
in sixteen hours at 16°, although under the same conditions 20-ketosteroids 
require seven to ten days for cleavage.®’ 

In general, relatively short reaction times are required when oxidations 
are carried out in alkaline or strongly acidic media. 


EXPERIMENTAL PROCEDURES 

The following examples illustrate typical procedures for the Baeyer- 
Villiger reaction. 


Catechol (Dakin modification using hydrogen peroxide and 
sodium hydroxide solution). Detailed directions for the preparation 
of catechol from salicylaldehyde (69-73%)'®' and for a similar preparation 
of S-methoxycatechol'®® are given in Organic Syntheses. 
•b4-Dihydroxyphenanthrene (Dakin modification using alkaline 
J rogen peroxide and pyridine).®' A solution of 1.11 g. of 3-hydroxy- 
- ormylphenanthrene (5 millimoles) in 10 ml. of pyridine is placed in a 

•B'’--. 72, 1194 (1939). 

IJ. (1937). 

Su™.: °o' "9. 2nd ed.. 1941. 

nuirej, Ory. Synlhesa, 28, 90 (1946). 
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25-ml. flask equipped with a dropping funnel and an exit tube. After the 
air has been displaced \nth hydrogen, 0.55 ml. of 30.8% hydrogen peroxide 
(50 millimoles) and 0.45 ml. of 12.5 N potassium hydroxide (5.6 miUimoles) 
are added. The addition of potassium hydroxide eauses a considerable rise 
in temperature. The solution is allowed to boil for a few seconds. It is 
then eooled, acidified with excess hydrochloric acid, and extracted with 
diethyl ether. The ether solution is washed with dilute hydrochloric acid 
to remove pyridine, dried, and evaporated. The crude residue (1.05 g.) 
is recrystallized from benzene and petroleum ether to yield 0.83 g. (80%) 
of pure 3,4-dihydroxyphenanthrene, m.p. 142-3°. 

Phenyl p-Nitrobenzoate (Oxidation of a diaryl ketone using 
peracetic acid with sulfuric acid as catalyst).* A solution of 4.54 g. 
of j3-nitrobenzophenone (20 millimoles) in a mixture of 50 ml. of glacial 
acetic acid and 30 ml. of concentrated sulfuric acid is treated with external 
cooling with 8 ml. of 40% peracetic acid (40 millimoles). After thirty 
minutes at room temperature the mixture is neutralized with sodium 
carbonate solution and extracted with diethyl ether. The dried ether 
extract yields on evaporation 4.6 g. (95%) of phenyl p-nitrobenzoate, 
m.p. 128-130°. 

Etiocholan-3a,12a,17p-triol (Oxidation of a 20-keto steroid 
using perbenzoic acid with sulfuric acid as catalyst).*® Ninety 
grams of 3a,12a-diacetoxj’pregnan-20-one (0.22 mole) and 44 ml. of a 10% 
solution of sulfuric acid in glacial acetic acid are added separately with 
external cooling to 440 ml. of a chloroform solution containing 68.6 g. 
(0.49 mole) of perbenzoic acid. The solution is allowed to stand in the 
dark at room temperatrue for ten days. After dilution with diethyl ether, 
the mixture is washed in turn with water, dilute sodium carbonate 
solution, and water. The organic layer is dried, and the solvent is evapor- 
ated. The residue is saponified by boiling for one hour mth a solution of 
60 g. of sodium hydroxide in 850 ml. of methanol and 50 ml. of water. 
After much of the methanol has been removed by distillation under 
reduced pressure, sufficient ether is added to keep the product in solution. 
The ether solution is washed ivith water until neutral, dried, concentrated 
to 600 ml., and cooled to — 10° to precipitate 46.3 g. of etiocholan- 
3a,12a,17^-triol, m.p. 231-232°. Treatment of the concentrated mother 
liquor with Girard’s Reagent P furnishes an additional 0.73 g. of the triol 
and 6.17 g. of starting material. The total jneld of triol is 71%. 

Diphenic Acid (Cleavage of an a-diketone using alkaline 
hydrogen peroxide).**® A suspension of 1 g. of 9,10-phenanthraquinone 
(4.8 mOlimoles) in 20 ml. of 5% aqueous sodium hydroxide is mixed with 
2.5 ml. of 27% hydrogen peroxide (19 millimoles) and allowed to stand with 

C. H. Hassall, unpublished observations. 
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occasional stirring at 30°. Further additions of 2.5 nil. of 27% hj’drogen 
peroxide are made after six hours and again after an additional tii e i e 
liours. After a total of forty-eight hours the mixture is filtered from a 
trace of insoluble material and acidified. The precipitate of pure diphenic 
acid formed is collected on a filter, washed with water, and dried, the 
yield is 1 .09 g. (94%), m.p., 229-230°.* 

2-Acetoxyindan-l,3-dione (Selective oxidation of a triketo- 
methane derivative using hydrogen peroxide in ether).'® A solution 
containing! g. of 2-acetylindan-l,3-dione (5.3 millimoles) in 80ml. of diethjl 
ether is treated with 12 ml. (18 millimoles) of 5% hydrogen peroxide in 
ether and allowed to stand in a closed flask at 15°. After twenty-one dajs 
the ether is evaporated. The residue is triturated with 3 ml. of water, 
filtered, and extracted with chloroform. The chloroform extract is filtered 
from a trace of phthalic acid and evaporated. The residue is crystallized 
twice from ethyl acetate-petroleum ether (40-60°) to give 0.70 g. (64%) of 
2-acctoxyindan-l,3-dionc, m.p. 96°. 

Lactone from Isoandrosterone Acetate (Oxidation of 

a 17-kcto steroid using peracetic acid with p-toluenesulfonic acid 
as catalyst)."® A .solution of 0.274 g. of isoandrosterone acetate 
(0.83 millimole) in 2 ml. of glacial acetic acid, 5 ml. of 9.5% peracetic acid 
in acetic acid (6.75 millimoles), and 25 mg. of p-toluenesulfonic acid are 
mixed and allowed to stand for twenty-three hours at 35° in the dark. 
The mixture is then treated with a large excess of water which precipitates 
0.2.'.2 g. (SS",,) of the crude lactone, m.p. 156-158.5°. This product is 
conxcrti-d l>y one crystallization from henzene-ncohexane to the pure 
lactone, f’liHjiO,, m.p. 158-1,59.5°. 
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INTRODUCTlON’t 

of nof concerned with the reactions of metal salts (cnolat 

halidps ™e^yene compounds vith alkylating agents such ns all 
is found” derivatives. The first example of this react 

• To alia c?r G®'dhcr prepared ethyl a-et’ 

taining two vinliko Baming of clisubstitiitod active methylene coinpouiuls < 

t tL autw ar"n “ ->,stitue„.s L been pnrentbesi 

checking the literature rnferr a . Norman A. Lo Bel, and Theodor A. Iasi 

toraturo referred to m the final draft of this chapter. 
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This ionic resonance hybrid is often c.allcd the enolntc anion. t "’''J 
formed hj' reaction of the base with either tlie keto or the cnol orm o 
active methylene compound.^ 

The acidity of active methylene compounds can be attributed to 
ance stabilization of the enolatc anion, a stabilizing interaction not pos..i ^ 
with the un-ionized form. The degree to which various substituent 
enhance the acidity of active methylene eompounds appears to decrcmc i 
the following order: — > — C — R > — C^N > COiCo 5 

!1 


0 

— C5H5. The substitution of two or three such groups on a carbon 
further augments the acidity of the remaining hydrogen atoms boinic 0 
the same carbon atom. This effect would be anticipated if the additiona 
resonance stabilization available to such a polysubstituted enolate anion 
is considered (see, however, p. 133 ). On the other hand, substitution 0 
aliphatic groups at the active methylene carbon atom reduces the aci 1 . 
of the remaining hydrogen atom. The effect of a number of substituents 
(R) on the acid strength of monosubstituted acetic esters (RCHjCOoCj ^ s) 
has been measured;® the compounds decreased in acidity in the follounig 
order; R = C0H5 > H > CH3 > > ii-CjH, > zi-CioHsi > n-CicHsa 

> cyolohexyl > t-CjH,. It is noteworthy that branching of the car on 
chain (R = i-CjH,) has a greater effect on acidity than the length of t le 
carbon chain (R = Ji-CjgHgj). A similar reduction in the aciditj 0 
substituted acetic acids has been ascribed to steric hindrance to sob ation 
of the carboxjdate anion.® This explanation would appear to bo equallj 
valid for the increased difficulty with which highly substituted acetic 
esters are converted to their enolate anions. 


The formation of the enolate anion, the reactive derivative of the acti' e 
methylene compound in alkylation reactions, results from an equilibrium 
reaction between the base and the active methylene compound. Com 
peting equilibra involve the solvent (i.e., ROH. RHa, etc.) and either the 
base or the enolate anion. As a consequence of these equilibria, both the 


B® + CHjfCOjC^Hs)^ 5±BH + CHfCOaCaHslg 
® 0 
CHlCOaCaHslj + ROH CHafCO^CaHjla + OR 

B® + ROH zfiBH + OR 

solvent (i.e., ROH) and the conjugate acid (BH) of the base must be much 

ISIO ^onic Organic Reactions, John Wiley & Sons, Nen' Aork, 

e S'”"'" Soc., 62, 113 (1940). 

Hnmmond and Hogle, J. Am. Chem. Soc., 77, 338 (1933). 
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weaker acids than the active methylene compound if an adequate con- 
centration of the enolate anion is to be present in the reaction mixture. 

All available evidence indicates that the enolate anion of the active 
methylene compound reacts with the alkylating agent by a bimolecular 
nucleophilic displacement (Sj^2) process.^-® Therefore the structure of 
the alkylating agent may be expected to influence the course of the alkyla- 
tion reaction in a manner analogous to the effect of structure on other 


CH., 

\ 

{CaHsOaClaCH® ^.C-Br 

lif 


/ 


CH, 


(CoHsOaClaCH— C - - H -f Br® 




H 


iSfjy2 reactions. Thus, inversion of configuration is noted when the dis- 
placement occurs at an asymmetric center. Diethyl 3a-cholestanyl- 
malonate was produced by the reaction of 3/9-cholestanyl tosylate with 





+ P.CH3C6H4SO3® 



’ Grigsby, Hind, Chsnley, and AVestheimer, J. Am. Cfiem. Soc., 64, 2606 (1942). 

' Newman and VanderWerf, J. Am. Chtm. Soc., 67. 233 (1945). 

* Bartlett in Gilman, Orgamc Chemistry, Vol. 3, John Wiley & Sons, New York, 1953, 
P. 25. 
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diethyl sodiomalonated“ Similarlj^ the reaction of cyclopen ene o. 

j-ielded diethyl (rans- (2-hydroxycyclopentyl)malonate.’ The a ac c 

the enolate anion occurs at the less hindered of the two possib e posi i 
in ethylene oxides; displacement occurred at the primar}' carbon < 
with both styrene oxide and p-nitrostyrene oxide.^^>'^ The hin ranee 


B./ \cH— CH, + CHlCOjCaHslg 

\=/ \q/ 

(R = H or NOj) 


r/ \cHCH2CHCO2C2H5 

^{3— lio 


rearward attack presented by tertiary alkyl halides usually limits t 
usefulness of the alkylation reaction to primary and secondary alkylating 
agents (p, 124). When treated with a solution of diethyl sodiomalonate in 
ethanol, n -butyl bromide, sec-butyl bromide, and i-butyl bromide forme^^ 
the corresponding diethyl butylmalonates in yields of 80-90%,'® 80-81 /o • 
and 6.4%,“ respectively. 

Only in special instances has the course of the reaction deviated froni 
the path expected on the basis of a normal bimolecular nucleophilic dis 
placement. The reaction of certain allyl halides with enolate anions 
has been observed to yield mixtures of products. Although 1-chloro 
2-pcntene reacted with the diethyl malonate anion to yield only 
expected product, the isomeric 3-chloro-l-pentene formed both the 
product of direct displacement and the product resulting from attack o 
the enolate at the 1 -position in an Sf^2' displacement.'®'" 


C2HjCH=CHCH 2C1 -f CHlCOoCjHj)., -> C2HsCH=CHCH2CH(C02C2H5)2 


Cl 

i 


process 


i O 

C2Hj-CH-CH==CH2 + CH— CH=CH2 

011 ( 00202115)5 

','1 J. CUtm. Soc.. 1954, 22.11 

” Cn,'.o!' l u'T'' Chem. Sor.. 72. 1357 (1050). 

” '"i , <4. 4083 (1052). 

|. 2.-,n " Cotl. Vol. 1, John Wiley & .Sons, Now York, 19^' 

I'-n p' *’ rol. 2 , John Wiley Sons. New York. 

“ W r * ' rV n " '*"■ 58. 731 (1030). 

,. «>-. rhim. rrrme.. 1951^ 

'Jt.‘ .. U.nu. iMul \oiin;. J. ChmuSor.. 71, 115 (1010). 
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When, in similar systems, the halogen was bonded to a tertiarj^ carbon 
atom, as in linalyl chloride^® or linaljd bromide,^® only the product 
resulting from an S^2' displacement was observed. 


e 

(CH3)2C=CHCH2CH2CBr(CH3)CH=CH2 + CH(C02C2H5)2 

(CH3)2C=CHCH2CH2C(CH3)=CHCH2CH(C02C2H5)2 



(C 2 H 502 C) 2 CH 



OH, 



(CsHsOoClaCH 


Barnard and Bateman, J. Chem. Soc., 1950, 926, 
Dupont and Labaune, Chem. Zentr.t 82, II, I3S (1911). 
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A displacement of the S^2' type has been postulated f ® 

ducts formed when l,4-dibromo-2-butene reacted with diet y 
malonate (p. 141) .2'’ A more complicated example of an a 
alkylation is provided by the reaction of 3^-cholestery osy^a 
diethyl sodiomalonate. The products initially reporte , j 

3-cholesterylmalonate (later shown to be the a-isomer ) an 
3,5-cyclo-6-cholestanylmalonate, seemgd best explained by t e s 
taneous operation of 8^2 and displacements.^® Howe've , 

demonstration®® that the diethyl 3-cholesterylmalonate fraction is 
posed mainly of the 3 ^-isomer suggests the intervention of an interme 
cholesteryl ion (shown in brackets in the equation on page 1 ) ^ ^ 

to attack by the enolate anion. A similar anomaly was observe 4 
^-haloamines were used as alkylating agents. When diphenylacetoni ^ 
was alkylated either with l-dimethylamino-2-chloropropane or wi 
dimethylamino-l-chloropropane similar mixtures of products u 
obtained Such a result suggests the formation of a cyclic immoniu 

ion®’ prior to the alkylation step. 


(CH3)2NCH2CH(CH3)C1 

(CH3)2NCH(CH3)CH2C1 


CHj— CHCHg 

\ / 

N 

/ \ 

CH, CH, 


© 


Cl® 


(CjHjljCUCK I XnXH . 

ICjHe 

(CcHslaClCNjCHlCHglCHgNTCHg), -P (CsH 5)2C(CN)CH2CH(CH3)N(CH3)2 


The alkylation of alkylidene derivatives may be considered a variant 
of the reaction of monoalkjdated sodiomalonic esters with alkylating 
agents, ^t ith the alkylidene derivatives the alkyl group is invariablj 
introduced at the position alpha to the activating group with attendant 
migration of the double bond to the ^,y-position.®® 


and Wccdon, J. Chcm. Soc., 1952, 3G10. 

Kaisar and Svarz. J. Am. Chcm. Soc., 67, 1309 (1945). 
n Am. Chcm. Soc., 69, 847 (1947). 

Snaan. J. Am. Chcm. Soc., 75, 6234 (1953). 

• ..almlti and Sprninic. J. Am. Chcm. Soc., 70, 48 (1948). 
i» Hems, and Speyer, J. Chcm. Soc., 1949, 510. 
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CH3CH2CH=C(C02C2H5)2 + OCjHs 5 :- CgHjOH + 

Q O 


CH3CHCH=C 


/COC2H5 


<-> CH3CH=CH— c 


^/C0C2H3 


coaH- 

li 

o 


\ 


COC2H- 

II 

o 


G 

o 


<->CH3CH=CH— c 


yCOC2H3 


\ 


COC2HS 


o 


tl'CjHjI 


CH3CH=CH— C(C02C2H5) 
CgH^-n 


SCORE AND LIMITATIONS 
General Considerations 

Nature of the Base and Solvent. If an alkylation reaction proceeds 
liy the bimolecular mechanism described earlier (p. 1 1 1 ), the rate of alkyla- 
tion will be directly proportional to the molar concentration of the enolate 
ion present in the reaction mixture. When the enolate concentration is 
small, various side reactions, to be described later (p. 123), vdll pre- 
dominate. Since the concentration of the enolate ion is dependent upon 
equilibria involving the base, the solvent, and the active methylene 
compound (p. 110), the correct choice of base and solvent is of prime 
importance if the alkylation reaction is to be successful. Usually the 
base and solvent chosen are such that both the conjugate acid of the base 
and the solvent are weaker acids than the active methylene compound. 
Such a choice assures a high concentration of the enolate anion. 

In several instances the rate of alkylation of ^-keto esters has been found 
to depend on the nature of the cationic portion of the base employed.^® 
This effect has been ascribed to the formation of a chelate structure, 
composed of the cation and the enolate anion, which subsequently reacts 
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with the alkyl halide.^® Alternativelj’’, the effect of the cation on the rate 
of alkylation might be attributed to the association of the cation and the 
enolate anion as ion pairs in the non-polar solvents where the effect of the 
cation is most pronounced.^® If such ion pairs are less effective than the 
free enolate anions as nucleophilic reagents, then the rate of alkylation 
would depend on the extent to which the- cation and enolate anion are 
associated as ion pairs, a property which would be a function of the parti- 
cular cation emploj'ed in a given solvent system. 

The reagents most commonly used to prepare the enolates of active 
methylene compounds include the metal alkoxides and the more basic 
metal amides, sodium triphenylmethide and sodium hydride, as well as 
metallic sodium and metallic potassium. A meaningful comparison of 
relative base strengths can best be made in terms of various base-solvent 
systems, since the basicity is influenced by the solvent. Many of the 

comparisoris of relative basicity made in this ehapter are founded on the 

ess or ailure of various bases in certain alkylation reactions, becaxise 
a a concernmg relative basicities are not available. Consideration of 
wi! equOibria mentioned earlier (p. 110) will make 

anfnn ^ ^ PossibOity of increasing the concentration of the enolate 

lower replaced by a solvent of 

where alk Possibility has been exploited in several instances®*"” 

solvent- r unsuccessful or difficult with alcohol as the 

ether or he^^ **o®ment of the alcohol with a less acidic solvent such as 
the enolate r **lkyIation to occur. If possible, the base and 

surface if r ^ ^ *he solvent chosen. Otherwise, the 

preventing further re'^ISm 

alkylation usually sufiSciently strong bases for use in the 
certain mononitrLT'Mf "^^ers, malononitriles, and 
to increase in basicitv inti, employed metal alkoxides appear 

< (CH 1 CHON. CHjONa < CHaCHoONa 

and/or \he alkvlaC ^'^hen the active methylene compound 

alko.xide chosen contain one or more ester functions, the 

chosen should correspond to the alkoxyl group of the ester. 
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Otherwise a nonhomogeneous product will result from the ester inter- 
change which takes place concurrently -vvith alkylation.®’“^i This problem 


/OC2H5 

CH2(CN)C02C2H5 -f i-CsHiiO© 5±CH2(CN)C— O® 

II 

C2H5O© -h CH2(CN)C02C5Hii-i 


is least serious when the highly branched <-butoxide anion is employed. 
Several cases have been reported in which the use of sodium i-butoxide in 
t-butyl alcohol led to the successful alkylation of ethyl esters that could 
not be alkylated readily with sodium ethoxide in ethanol.®® 

The sodium and potassium alkoxides are normally prepared and used 
in an excess of the corresponding anhydrous^® alcohol which serves as 
the solvent. However, the advantages to be gained from the use of other 
solvents should not be overlooked. The decarbethoxylation of malonic 
and cyanoacetic esters in the presence of ethoxide ion, to be discussed 
more fully later (p. 127), which sometimes occurs as a side reaction, can 
be diminished if diethyl carbonate is used as the reaction solvent.^®>^^ 
In addition, the high boiling point of diethyl carbonate permits the reaction 
time to be shortened. In general, the low yields obtained from slow 
alkylation reactions (e.g., with long-chain alkyl halides as the alkylating 
agents) are improved if the low-boiling solvent, ethanol or ether, is 
replaced by a higher-boiling solvent such as n-butyl alcohoP®>^® or diethyl 
carbonate, or if the reaction mixture is heated in a sealed tube.®i>®® 
However, higher reaction temperatures sometimes favor dialkylation®® 
and dehydrohalogenation of the alkjdating agent. 
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alcohol 


The increase in the enolate concentration which results when an ale 
leplaced a much less acidic or an inert solvent has already been 
nentioned (p. 116). However, the sodium and potassium alkosidesare 
re a ive y insoluble in such inert solvents. Magnesium ethoxide, being 
ou e in inert solvents, ^5, 56 offers an advantage in this respect. This 
e, w 1 C readily converts diethyl malonate to its enolate, is ( 
value for the dialkylation of this ester.s=.6o 
The use of sodium hydride in benzene, toluene, or dirnethylformamide 
particularly advantageous in alkylation reactions. Sodium hydride 
ind h with an active methylene compound to form an enolate 

shown that any sodium hvdride which may 


aieLiiyi maloi 

value for the dialkylation of this ester.s^.ss 

sodium hydride in benzene, toluene, or dirnethylformamide 
y advantageous in alkylation reactions. Sodium hydride 

inrl Vi ®'®bhylene compound to form an enolate 

rem-,;! ^ sodium hydride which may 

lonJed ^Pon a rvide variety of alkyl halides even after pro- 

longed times at elevated temperatures, ae 

mononitHirraa'^rg ^sed to prepare the sodium derivatives of 

esters and ’ ll monocarboxylic esters, some alkylmalonic 

derived from ketones.-,- The 
found limited usV^*^ n romomagnesium salts of secondary amines have 
use of Cut mononitriles.-.-.- The 

alkylation of nitrile ^ sodium amide as the base for the 

ion to the nitrile reactions involving addition of the amide 

presence of the strn esters is usually effected in the 

which emplov either^ sodium triphenylmethide.--’'’ Reactions 
the base require an ' amide or sodium triphenylmethide as 

xylene. ^ «uch as ether, benzene, toluene, or 

sodium and metallic potassium in inert solvents have been used 
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;rl' extensively to prepare the enolates of malonic ester, cyanoacetic ester, 
hj' and 3-aryl-2-benzofuranones. Several attempts to use metallic sodium in 
the alkylation of aliphatic mononitriles have resulted in dimerization of the 
j..; nitrile. Metallic sodium and metallic potassium must be avoided as 
.^1 bases for the alkylation of alkylidenemalonic and alkylidenecyanoacetic 
r, esters because partial reduction of the conjugated system accompanies 
enolate formation.^®>®’>®®>’^ 

Sodium hydroxide and potassium hydroxide have been employed as 
bases for the alkylation of active methylene compounds. The alkylation 
of nitriles, in certain instances at least, appears to offer no complications 
with these bases. Although extensive saponification would be 
,, expected to attend the alkylation of esters in the presence of potassium 
hydroxide, successful alkylations wdth this base have been reported by 
^ several worker These alkylations were usually effected by treat- 
j raent of the active methylene compound with a suspension-of powdered 
I potassium hydroxide in an inert solvent such as di-w-propyl acetal 
. followed by addition of an alkyl halide. For example, ethyl cyanoacetate 
, was converted to ethyl benzylcyanoacetate in 30% yield by this 
procedure.®^ 

Other bases that have had limited use include benzyltriethylammonium 
hydroxide,®^ potassium acetate,®® ammonia,®®-®’ potassium carbonate,®®-®® 
phenylsodium,®® and various sodium enolates.®^”®® Alkylations have 
also been effected in the presence of metallic zinc®* and inorganic salts of 
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silver.®“.s 6 The 3 'ields in several alkylation reactions have been impro'ed 
vhen copper or a copper salt vas added to the reaction mixture.®' 
Monoalkylation versus Dialkylation. During the alkylation of di- 
ethyl sodiomalonate vdth ethyl bromide, the diethyl ethylmalonate that is 

(1) CH2(C02C2H5)2 + CgH-O© CH(C02C2H5)2 + CgHjOH 
e 

(2) CH(C02C2H5)2 + CaHgBr CgHsCHlCOaCgHsla + Br® 


(3) C2H5CH(C02C2H.)2 + CH(C02C2H5)2 :;± CgHsCiCOaCgHgla 


+ 


CHofCOaCjHsls 


(4) C2H5C(C02C2H5)2 + C 2 H 5 OH CjHsCHiCOjCjHsla + CgHgO® 

(•>) CaHsC(C02C2H5)2 -f CjHjBr (CjHslgCiCOjCaHsla -4- Br© 

r ^q'^ilibrium with its anion (reactions 3 and 4). Th^ 
obsar S r ^‘ttle dialkylation (reaction 5) 

bv cthvi i e-'^periment diethyl malonate was alkylate*^ 

of diShvl Ti! ? ^ seventy times the rate of alkylation 

»)-“ The ,e«o of the io„ie..i» 


_ -'^dlctl,yl malon.-'tP _ 1.6 X IQ-IS 
^"diethyl ettiylmalonate 2 X 




indicjitcs tint fVift 

concentration of ih diethj -1 malonate enolate exceeds the 

Of nmch r// <=tbylmalonate anion. 

(A- ionizatio^ solvent, ethanol 

bn^e-solvcnt seen from the 

than the solvent that is more 

met ulene compound will greatlj' reduce the 
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concentration of enolate present in the reaction mixture since the molar 
concentration of the solvent is much larger than the molar concentration 
of the active methylene compound. In the alkylation of diethyl malonate 
with ethyl bromide, the presence of a large excess of ethanol in the reaction 
mixture reduces the concentration of the enolate of diethyl ethylmalonate 
to such a low level that the rate of dialkylation (reaction 5) becomes 
negligible. As would be predicted on this basis, the replacement of 
ethanol vdth an inert solvent favors dialkylation.102 As would be expected 
from the facts mentioned above, the greater acidities of alkylcyanoacetic 
esters and alkylmalonitriles (for malononitrile K ionization ~ 10-11)103 
cause dialkylation to be a more serious problem. o^.ioi-ios 

Dialkylation also becomes an important side reaction in the alkylation 
of active methylene compounds \vith very reactive halogen compounds 
such as benzyl halides, o^AO’-no aUyl halides,® 3 , 56,120-122 phenacvl 
halides, 3 o. 106 , 123, 124 a,nd a-chloro thio ethers.i^s.izG large amount of 

dialkylation observed with the aUyl or benzjd halides or with a-halo ethers 
may be attributed to the fact that heterolytic cleavage of the carbon- 
halogen bond in such compounds during bimolecular displacement 
reactions may occur without substantial aid from the attacking nucleo- 
philic reagent. Therefore, a halide of this type (e.g., benzyl chloride) 
would be expected to show less discrimination between two nucleophilic 
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reagents (e.g., the sodium enolate of diethyl malonate and the fflor® 
It 1 ^^*^ sodium enolate of diethyl benzylmalonate) than would a saturated 

^ XV,- w-butyl chloride; cleavage of the carbon-chlorine bond 

m this case would be greatly facilitated by the attacldng nucleophilic 
reagent). 

foregoing suggestion, a second factor may account 
A ^ ®f dialkylation observed with phenacyl halides. 

cv^°rTx ^ product such as diethyl phenacylmalonate would be 
ptViiri 1 ° ^ nvore acidic than a monoalkyl derivative such as diethj'l 

proximity of an electron-withdrawing 

of diptt 1 f°™er example. For this reason the proportion 

intermpH converted to its sodium enolate, a necessary 

diethvl Pth ^1 T would be larger than the proportion of 

conditions ^ converted to its sodium enolate under comparable 

pound (Z ^lUrylation of an active methylene com- 

proceeds, the ratio of the concentration of the mono- 
>«bslil,„ed [E_c,z,Y, ,1,, 

enolate (Z CH Vi rv, x 

will increase ti,p r, increase. An increase in this ratio 

proportion of dialkylation that occurs. This unfavorable 

^H-Y + E-CH,Z)Y aZ-CH,-Y + E-qZ,Y 


[R— C(Z)Y1 
[2 — -CH- — Y] 


A[R— CH(Z)Y1 
[Z— CH^— Y] 


concentration ratio m-iv hp „ 

active nietlivlonc com^p, a ' to a large extent if an excess of 
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compound and the base; such additions serve to increase the concentration 

© 

of the active methylene enolate (Z — CH — 

Other factors reported to favor monoalkylation include the use of low- 
boiling solvents®® and the use of alkyl chlorides rather than aUcyl 
bromides.^*® 

Order of Introduction of Groups. If two alkyl groups are to be intro- 
duced into malonic or cyanoacetic ester, the order of introduction of 
groups may have a profound influence on the yield and purity of the 
product. When the two alkyl groups are identical best results have been 
obtained by adding one equivalent of the base and alkyl halide, allowing 
the reaction mixture to become approximately neutral, and then adding the 
second equivalent of base and aUcyl halide.®^® "Where two different alkyl 
residues are to be introduced, it is advisable to introduce the larger group 
first if both alkylation steps involve displacement at a primary carbon 
atom.®^®~®^® This order is of particular importance if the smaller alkyl 
residue is a methyl or an ethyl group; in these cases the boiling points of 
the unchanged ester, the monoalkylated ester, and the dialkylated ester 
are too close to one another to permit separation without recourse either 
to very precise fractional distillation*®* or to a chemical separation (p. 157). 

In the dialkylation of malonic ester the introduction of a primary alkyl 
group should always precede the introduction of a secondary alkyl group. 
If this precaution is not observed the introduction of a second alkyl group 
is often unsuccessful,®*’**®”*^® because of the low acidity of the inter- 
mediate «ec-alkylmalonic ester (p. 110) and the sterically hindered nature 
of the corresponding enolate anion. This difficulty accompanying the 
alkylation of «ec-alkylmalonic esters has occasionally been overcome by 
the use of a strong base such as sodium Lbutoxide in <-butyl alcohol.®* 
Side Reactions. Aside from dialkylation, a -wide variety of side reac- 
tions may attend the alkylation of an active methylene compound. Among 
these side reactions are the reactions of the alkylating agent with the base 
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and solvent. Provided that an adequate concentration of the enolate 
anion is ■nrpspTi+. lis;\ ofYpnt and th® 


cut. xroviaea tnat an adequate concentration oi rue 

present (p. 115) the interaction of the alkylating agent — 

solvent and/or the base to produce an ether becomes a serious competing 
reaction only vith verj' reactive halides such as allyl.i^o-i^^ benzyl, 
and benzhydryl halides. The low yields obtained in the synthesis of 
benzhydryhnalonic esters, presumably attributable to solvolysis of the 
benzhydryl halides in the alcoholic reaction mixture,^®® may be avoided 
if the reaction is conducted in benzene solution.^®® Triphenylmethyl 
chloride also has served as an effective alkylating agent in ether solution.®' 
As was noted earlier (p. 112) tertiary alkyl halides that can undergo 
dehydrohalogenation usually do so more rapidly than they undergo the 
displacement reaction leading to alkylation; accordingly, they are poor 
a ky ating agents.i=M59 olefin formation is less important with secondary 
a y alidesiso and is not a serious side reaction with primary alkyl halides, 
a ogen conipounds like ethyl a-bromoisobutyrate^®^“’^®’ and ethyl 
romo evulinate^o® whose dehydrohalogenation leads to an a,/S-unsatu- 
^ ester or ketone introduce a further complication; the initially 


)Ound 


r - ci/uue mrroQuce a further complication; the mu 

products may add the active methylene comp 
in a JMichael reaction.^^i.isa 

CHfCOjCjHslj Alkylation , (CgHjOaClaCHCfCHalaCOjCjHs 

+ (^3)2CBrC02C2H5 — 

I Deliydrohalogenation CH2=C(CH3)C02C2®5 

CHjtCOjCjHjljj 

„„ (C2H502C)2CHCH2CH(CH3)C02C2H5 
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Decarbalkoxylation (p. 127) and side reactions which involve the 
alkylating agent and the base may be minimized if a mixture of the 
alkjdating agent and the active methylene compound is treated with 
the base at a rate equal to that at which the base is consumed in the 

reaction. 170 

Similarly, the slow addition of the sodium derivatives of mononitriles 
to allylic halides has been found to minimize the extent of polymerization 
of both the alkylating agent and the product. 

Certain vicinal dihalides tend to lose their halogen atoms with the 
simultaneous production of the corresponding olefin under the conditions 
of the alkylation reaction. Such dihahdes include ethylene iodide (but 
not ethylene bromide), 2,3-dibromo-2-methylbutane,i’^'i” o,o'-dinitro- 
stilbene dibromide, and diethyl er2/iA/'o-a,a'-dibromosuccinate.^’® For 
each molecule of halogen lost, two molecules of the active methylene 
compound are coupled in a reaction similar to the coupling of active 
methylene compounds in the presence of iodine (p. 137). Certain of the 
olefins produced in this way may add an additional equivalent of the 
active methylene compound in a IMichael reaction.^’® The reaction of 



© C 

Br + BrCHlCOjCHjla + || 

C 


H\ ^COgCHg 


CH(C02CH3)2 


Sh(CO.cha CH302/'h 


ICHaCCOjCKj); 

(CH302C)2CHCH(C02CH3)2 CH(C02CH3)2 


CHC02CH3 


CH2C02CH3 


dimethyl ery//iro-a,a'-dibromosuccinate is illustrative. In addition to 
the major products, dimethyl fumarate, tetramethjd 1,1,2,2-ethanetetra- 
carboxylate, and tetramethyl 1,1,2,3-propanetetracarbo.xylate, a small 
amount of racemic tetramethyl 1,1,2,3-cj'clopropanetetracarboxylate was 
formed. The cyclopropane tetracarboxylic ester is believed to arise from 

rhillips, Ind. Chemist, 21, 078 ( 1945 ). 

Mdrielln anti Itaiiijo, Ort?. Si/ntheses, 33, 23 (1953). 

Wliyto niul Copo, J. .-Irn. Chem, Soc., 65, 1999 {1943). 

I3i^c!lofr, Per., 28. 2824 (1895). 

Ipati.'w, J. l!us^. Phi/I. Chem. Soc., 30, 391 (1S98) (Chem. Zrntr., 1898, II, GOO). 

nisclioir. Her., 21, 2071 (1888). 

*74 In;; and rarltin, ./. Chem. ,*<oe., 125, 1814 (1924). 
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the partial base-catalj'zed isomerization of the dimethjd erythro-a.fl- 
dibromosuccinate to the threo isomer; dimethyl <^reo- a, a'-dibromo- 
Ruccinate, when treated with dimethyl sodiomalonate, was converted to 



the racemic cyclopropane tetracarboxylie ester in SO-90% jdeld.^'^ ^ 
Rimi ar ase-catalyzed epimerization of the isomeric a.a'-dibromoghitaric 
esters has been obsen-edd'® 


Another side reaction which involves the transfer of a halogen atom is 
motTS ^ attempted alkylation of methyl diphenylacetate vith 
methirlB s- *^^°P^'®^y^acetate in the presence of sodium triphen} • 
e product -Nvas dimethyl a,a'-diphenylsuccinate. 


(*-'0^5)30® 


■ CoHjCHBrCOjCHa (CgHslaC 


C'cHsCHCO„CH3 + C 3 H 3 CHBrCO,CH 3 -> Br® 

+ CH302CCH(C6H5)CH(C6H5)C0oCH3 

partial halopen"^” -mitropropane and diethyl sodiomalonate underwent 

ethanctctracarboxvlaTe '"'To Q products being tetraethyl 
normal alkvlatinri ' ■ “’^■'t'methy]-2,3-dinitrobutane.*'' However, 

to react with tl, v ^■‘^t>loro-2-nitropropane was allowed 

gonated nitroalk-an ° of dioth3'l ethj-lmalonate.'"" Hale" 

es in -Hhich the nitro group is bonded to a carbon atom 


gonated nitro-ilU-nr, • • ^^°mte of dioth3'l eth3-lmalonate.''' Halo 

es in -Hhich the nitro group is bonded to a carbon aton 

it tt3)2C(Xo„)Br .i. CH„(Cn r rs \ NaOC-iij „,r , 

2t U,C„H5)„ — > (CH3)„C(N0„)C(N0„)(CH3) 

hearing a hydrotren „ 

liirtcad, the cnolate oitVi . .,^""°t he cmplo3'ed as alladating agents 
than tlic cnolate of r,, i eompound is formed, since it is less basi 

T„ malonic ester 

In addition to the side 

agent, both tlie initial occur with the alk3'latini 

prfKinct can undergo a compound and the alln’lntei 

e-t'-r interchange when tT''”n"^ tfansformations. The possibilit3' o 
ion liifTor has already 1 k->*^ 0x3] group of the ester and the alkoxid' 

if.r 1 1,, .,.- , tnentioned (p. 117 ). ttTien sodium amide i 

• ■ Tr.r,,!,.^ .,,„j j -as, (102n). 

■ ■ 71, S35 (1949). 
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used as the base for the alkylation of esters, amide formation may br i 
serious side reaction.^’^d’^ 

/OC^Hs 

CgHsCHgCOaCaHj + H^N® 5± CsHgCHaC— O® ^ CeHjCHjCONHj + C;Ey:^' 

\nH 2 

A related side reaction results in the loss of the carhalkoxyl group a? 
corresponding dialkyl carbonated®® Similarly, cjmnoacetio esters arr 
converted to mononitrilesd®^ Among the malonic esters the importance 


CjHbO ® /OCgHj 

06H5CH(C02G2H5)2 . CeHsCHtCOaCjHslC-O e 

\0C2H- 



CeHgCHCOjCjHj -f (C^H^OLCO 


CCCHaKCNlCOaCaHj + CgHjO® 



'CtCEjjCX i {CjH 50 )jC 0 


of this side reaction decreases in the foUoving order: diethvl d' h 
malonate > diethyl ethyl(phenyl)malonate > dktkyl diethylmlonakfl 


/OC2H5 

(C6H5)2C(C0202H5)C-0 ® -> (C2H60)2C0 -f 

\oO2H5 



OBGAHIO REACTIONS 


Such an order is understandable considered. 

to the carbanion iso, i^ wMch have been observed 

Substituents other than the phenyl poup up,i83 the vinyl 

to enhance the cleavage reaction group.;- 

group, the 2 , 4 -dinitrophenjl > anproach of the ethoxide 

LtLother hand, bulky groups thatimpede.tiic^^^^^^^ 

ion or substituents that reduce and monoalkylmalonic 

amount of decarbethoxylation Malonic and m ^,lkyl 

esters are less readily cleaved to form 

carbonates because they react readily with sodium alkox 

or 

malonate has been demonstrated In fact, ^ of diethyl 

carbethoxylation, has been found valuable both in ^f gyano- 

phenylmalonatc from ethyl phenylacetate and m the ^ ^ 117), 

Letic esters from mononitriles.— As ^action offers 

the use of diethyl carbonate as a solvent for the ‘'^^kylation t 
special advantages where cleavage might be an impoita t^^^d 
The extent of decarbethoxylahon is ^ diethyl carbonate. 


The extent ot aecaroeinoxyiariou « carbonate, 

shortened by virtue of the high boiling pomt of the diethy 
The decarbethoxylation of disubstituted malonic esters i 

. IVnA ocrlilTni pt.hoXlde < 


at high tern- 

The decarbethoxylation 01 aisuDsiirureu v.....— “ ^ jn or 

peratures in the presence of ethanol-free sodium ethomde 
potassium metal (p. 150) would constitute a serious si e rea 
the alkylation of an alkylmalonic ester was attempted un 

conditions. ethanol 

In the alkylation of malononitriles (see Table X), the addition 
to one of the cyano groups to produce stable imido esters is 0 
served. The mouonitriles are usually stable to ethano ic s 

KaOCjHs 

CcHjCHiCHtCNlo + CH3I + aHjOH > 

CeHBCHaCCCHjliCNlCOCaHs 

NH 

ethoxide, 4-cyano-l-methyl-4-phcnylpiperidinc being an 

imido ester presumably is an intermediate in the cleavage. The s 
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base, sodium amide, does attack the cyano group in such solvents as 
boiling benzene, i**! toluene,^®^ or xylene.^ Under such conditions 


HgCN 



C2H5OH. NaOCjHs 


C^N 


> HsCN^CgHj 


86 % 


the nitrile function maj'’ be eliminated as sodium cyanamide. 

(CgHjlaClCNlCHgCHaNlCHala + 2NaNH2 

NH3 + Na2N2C + (CgHslaCHCHaCHaNlCHglg 

91% 

The loss of the nitrile function has also been observed with substituted 
nitriles which have no hydrogen atom on the carbon atom alpha to the 
nitrile group and which have a hj'drogen atom and a phenyl group on the 
carbon atom beta to the cyano group.*®® This elimination of hydrogen 
cyanide may be likened to other bimolecular eUmination processes as is 
shown in the accompanying equation. In the presence of basic catalysts 


e 

NH, 


r 

H 

l~X 

CgHsCH^ClCgHglo 


C 6 H 5 CH=C(C 6 H 5)2 + NH 3 + CN® 


both acetic esters and mono- and di-substituted acetic esters can condense 
with themselves in a reaction of the acetoacetic ester type*"® to produce 
/?-keto esters with a consequent diminished yield of the alkylated pro- 
duct.* "8.196 A similar condensation, the Thorpe reaction, occurs as a side 
reaction and results in poor yields in the alkj’lation of certain mono- 
nitriles. "*~"® Such Claisen-type condensations become particularU 
important with compounds where intramolecular condensation is 
possible.*"®. 191-261 The accorapamdng example*®® illustrates both a 

'** Ruddy, J. .-li.i. Chem. Soc., 73, 4096 (1031). 

.Inckiniin, Nnchod, and Archer, J, Am, Chcm. Soc., 72, 716 (19.60). 

Jackman. Bolen, Nacliot), Tullur, and Archer, J. .4m. Chcm. Soc., 71, 2301 (1949). 

*’* Klcidcrcr, llcjyort A’o. P.B. 9S1, Ollicc of the Publication Board, Dept, of Commerce, 
Washington, D.C. 

*** llausor and Brnsen, to he ptddishctl. 

*** Schcihlcr, Marlienkel, anti Ba.ssnnofT, Her., 58, 1198 (1923). 

”• IVrkin and Thoriw. J. Chem. Sor., 79, 729 (1901). 

Mitchell and Thorpe, ,/. Chem. Soe., 97. 2261 (1910). 

■” Boss and Ingold. J. Chem. Soe.. 1928, 1269. 

Aclicaon and Robinson, J. Chem. Soc., 1052, 1127. 

Kicrstcatl, l.instcad, and lV<'.‘don, J. Chem. Soe., 1953, 1799. 
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Claisen condensation and the subsequent elimination of a carbethoxj 
group. 



CH, 

\ 


K , MaOCAIs 

CH(C0,C,H3), - 5 ;^ 



'C0„C„H, + OCiOCjHs); 


CN 


NH 


Active methylene compounds having 
functions bonded to the carbon atom beta to the activating g 

been observed to undergo base-catalyzed ehmmation undei r i.,ned 

of the alkylation reaction. The unsaturated compounds mi la J 
are susceptible to polymerization and Michael reactions. 



PoljTuer (CjHsOaCloCHCHoCHiCOaCsHslj 

During the alkylation of certain malonic esters a reverse 
reaction competes with the alkylation reaction. In such cases the a s-J 

tion products of diethyl inalonate or diethyl monoalkylmalonates 
isolated.".i54.2«6.20’ For example, the products of the alkylation 
ethyl y-benzoyl-a-carbethoxy-^-phenylbutyrate (I) were dependen 
the alkylating agent employed.^^^ With methyl iodide both the 


CgHgCHCHaCOCgHs 

CHCCO^C^Hs)^ 

I 


NaOCntlr 


RI, NaOCjHs 


CrHsCHCHaCOCgHs 

1 

RC(C02C2H5)2 

” I 

KaOCjUs 


C5H5CH=CHC0C6H5-1-CH2(C02C2H5)2-^^^-^^^^^^5^C6H5CH=CHC0C6H5 

.4- 

in 


Ziegler, Schenck, Krockow, Siebert, IVcnz, and IVeber, .4nn., 551, 1 (ISl-)’ 
““ McElvain and Burkett, J. Am. Chem. Soc., 64, 1831 (1942). 

=”* Simonsen, J. Chem. Soc., 93, 1777 (1908). 

Biilime and Greve, Chem. Her., 85, 409 (1952). 

206 Perkin, J. Chem. Soc., 69, 1500 (1896). 

Rydon, J. Chem. Soc., 1935, 420. 
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ester 11 (R = CH3) and diethyl meth3dmalonate (III, R = CHg) were 
formed. If the less reactive ethyl iodide w'as employed, only diethyl 
ethylmalonate (III, R = C2H5) was produced since the reaction mixture 
remained basic sufficiently long for the reverse Michael reaction to pre- 
dominate. Whether the cleavage occurred before or after the alkylation 
step is not known. 

If the active methjdene compound employed contains other reactive 
functions additional side reactions are possible. In the case of diethyl 
chloromalonate the rate of displacement of the chloride ion by the ethoxide 
anion exceeds the rate of alkjdation except with very reactive alkylating 
agents such as benzyl chloride^®® or 4-(or 5-)chloromethylimidazole.®®® 
Small amounts (1.5%) of diethyl 5-ethoxyhexjdmalonate were formed 
along with diethyl 2-methylcyclohexane-l,l-dicarboxylate when diethyl 
5-bromohexj'lmalonate was cyclized in the presence of sodium ethoxide.®^® 

Additional side reactions may accompany the alkylation of alkylidene- 
malonic esters, alkyhdenecj^anoacetic esters, and alkylidenemalononitriles. 
These include polymerization®®’®"’*^**®'* and reverse aldol reactions.*® If 
sodium in an inert solvent is used to prepare the enolates of alkylidene 
esters partial reduction may occur (p. 119). 

The products obtained from the alkylation of alkylidene derivatives of 
malonic ester,®'*®'® cj’anoacetio ester,®'*®""®" malononitrUes,®'®*®'® and 
mononitrUes'*' wth allyhc halides have been found to undergo 
thermal isomerization in certain cases, and the products must be distilled 
at temperatures that do not cause rearrangement. For the various active 
methylene compounds used, the rates of such rearrangements fall in the 
order: malononitrUes > cyanoacetic esters >- malonic esters."'**'®**'®*®'® 


CH2=C— CH3 

/ 


CH2— CCH3 


CH3CH=CHCH2 


C(C02C2H5)2 


CH3CH— CH=CH2 
90% 

Steric effects influence markedly the ease of these rearrangements.®i®.2i5 


Conrad, Ann., 209, 241 (1881). 

Pyman, J. Chem. Soc., 99, 1386 (1911). 

Gol'mov, Zhnr. Ohshchel Khim. {J. Gen. Chem. U.S.S.R.), 23, 1162 (1953) [C. A., 47, 
12255 (1953)]. 

Cope and Hoyle, J. Am. Chem. Soc., 63 , 733 (1941). 

Cope, U.S. pat. 2,222,465 [C. A., 35, 1802 (1941)]. 

Aldridge and Murphy, J, Am. Chem. Soc., 73, 1158 (1951). 

Cope and Hardy, J. Am. Chem. Soc., 62 , 441 (1940). 

Cope, Hoyle, and Heyl, J'. Am. Chem. Soc., 63, 1843 (1941). 

Foster, Cope, and Daniels, J. Am. Chem. Soc., 69, 1893 (1947). 

Cope and Field, J. Am. Chem. Soc., 71, 1589 (1949). 
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The Active Methylene Compound 

Malonic Esters (Table I). In the many alkylations reported 
monoalkylmalonic esters, the base-solvent combination genera j.p, 

Avas sodium ethoxide in ethanol. As noted previon^l^ (p- - ^ 

action conditions inhibit dialkylation since, in most cases, the m ^ 
derivative is less acidic than ethanol. This advantage, m nc ' 
shared with cyanoacetic ester and malononitrile, recommenc s n 
ester if only the monoalkyl compound is desired. T he separation 
that arises in the preparation of methylmalonic esters and et u 
esters (p. 123) is best avoided by employing an altcrnati\c sjTi 
method (p. 147) for these esters. The use of the 
of malonic ester rather than sodiomalonic ester is a valua ) 
fication“='^®'^®'’>-'®~--® if the alkylation is to be run in an 
such as ether or benzene (p. IIG). Diethyl carbonate (pp- 11"> ° 

advantages as the solvent in some instances. . 

Substituted Malonic Esters (Tables II, III, and IV) and - 
denemalonic Esters (Table V). The reduced acidity^ 
alkylmalonic esters (p. 110) in which the alkyl group is sccon art 
tertiary*b52.ii5-i4s,22i-52G resulted in low yields during 
thepresenceofethanolic sodium ethoxide. This difficulty, which is muc i e ^ 
serious with the analogous cyanoacetic esters (p. 134), has been otereo ^ 
by recourse to stronger bases and less acidic solvents. The use of soc 
t-butoxide in t-butyl alcohol has permitted the alkylation of diethj - 
propyhnalonate,^^ diethyl (l-ethylbutjd)malonatc,^^ and diethj 1 cj 
hexylmalonate.^“ Diethjd diisopropjdmalonate was prepared bj the u-e ^ 
sodium and ether at elevated temperatures in a sealed tube.^" 
ethjd-(«cc-butjd)malonate was obtained in 95% jdeld when the ethan 
free sodium enolate of diethyl scc-butj-lmalonate was heated with et rj 
bromide in diethjd carbonate.«.«,::-Aiiother strildng demonstration oft i 
^ alue of this method is found in the alkjdation of diethj'l t-butjdnralon, ^ 
with aUjd bromide, the reaction being effected in 36% jdeld in the presence 
of sodium ethoxide and diethyl carbonate.**^ Benzene and toluene 

Jackson, J. .4m. Chem. Soc., 72, 351 (1950). ,.g 43 ) 

'‘"J Arbuzov, Zhur. Obshchci Khim. (J. Gen. Chem. U.SJS.R.), 13. ' * J ' 

[C. A., 38, 352 (1944)]. 

211 ^*^'^'’''*' ®'’ Soc., 60, S5 (1928) [C. .4., 22, 3880 (1928)]. 

12 ! Guthzeit, Ann., 222, 249 (1883). 

•22 Dilthey, ,4nn., 335, 334 (1904). 

Bischoff, Ber., 29, 972 (1896). 

C'lcm. Soc., 75, 3312 (1953). 

"25 , J- C'lcm. Soc., 1930, 2754. 

=2’ '' ®'J^'’aaher, and Borgmann, J. Chem. Soc., 1947, 772. 

a mgford and Homeyer, 17.S. pat. 2,391,530 [C. .4., 40, 3770 (1946)]. 
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served as solvents for the alk3dation of the sodium salts of diethyl benz- 
hydrylmalonate^^® and dibenzhydryl benzhydrylmalonate^^^ with benz- 
hydrjd bromide. 

The introduction of a phenyl group reduces the acidity of dieth3d 
malonate or eth3d phen3dacetate, the reduction in acidity being com- 
parable -with that resulting from the introduction of a methyl group 
(p. 110).® An explanation for this phenomenon may be the non-coplanarity 
of the phen3d derivative, which inhibits effective resonance stabilization 
of the enolate anion. 

Alk3dation of chloromalonic ester is successful onl3’’ with very reactive 
alkylating agents (p. 131). 200,228-230 'Witli less reactive alkylating agents, 
coupling of the malonic ester residues®®^ or ether formation is the pre- 
dominant reaction. In the alkylation of nitromalonic ester, the alkyl 
group is introduced on the carbon atom^®® rather than on an oxygen atom. 
IITiereas the alk3dation of aminomalonic esters results in both C- and 
N-alkylation,®®® formamido, acetamido, benzamido, and phthalimido 
derivatives of malonic ester can be alkylated without N-allcylation. 
The formamido- and acetamido-malonates are most useful since the 
phthalimido derivatives are h3'drol3'zed and decarboxylated with 
difficulty®®® and many of the alk3d(benzamido)malonic esters are oils.®®® 
The facile deacylation of formamidomalonates and acetamidomalonates 
iAa3’- be disadvantageous if the alkylation reaction is slow. The yields of 
the isopropyl derivative obtained with diethyl acetamidomalonate 
(37%)®®'*,®®® and with diethyl benzamidomalonate (66%)®®® are explicable 
in terms of the greater susceptibility of the acetamido group to alcoholysis. 
The absence of alcohol in the reaction mixture has proved advantageous 
in the alkylation of diethyl phthalimidomalonate with 1,3-dibromopropane 
and with y-phthalimidopropyl bromide.®®® 

The alk5dation of alk3didenemalonic esters produces the a-alkyl 
derivative of the corresponding /?,y-unsaturated ester. The accompanying 

CH3CH2C(CH3)=C(C02C2H5)2 + n C^TI.jBT > 

CH3CH=C(CH3)C(n-C3H2){C02C2Hs)2 

example®®® illustrates the shift of the double bond to yield the more highly 

228 Perkin, J, Chem. Soc., 53* 1 (1888). 

229 Kipping, J. Chem. Soc., 53. 21 (1888). 

230 Titley, J. Chem. Soc., 1928, 2571. 

231 Kotz and Zomig, J. prakt. Chem., [2] 74, 425 (1906). 

232 Albertson, J. Am. Chem. Soc., 68, 450 (1946). 

238 Redemann and Dunn, J. Biol. Chem., 130, 341 (1939). 

23^ Atkinson and Scott, J. Chem. Soc., 1949, 1040. 

238 Snyder, Shekleton, and Lewis, J. Am. Chem. Soc., 67, 310 (1945). 

23® Sorensen, Hoppe.Seyler's Z. physiol. Chem., 44, 448 (1905). 

23^ Cope and Hancock, J. Am. Chem. Soc., 60, 2901 (1938). 
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substituted vinyl derivative, which occurs when the 
migrate into either of two positions. As with saturated 
ester derivatives, chain branching markedly reduces the acic i ' 
alkylidenemalonic esters. Although sodium cthoxidc may serve 
base for the alkjdation of alkylidenemalonic esters derived noin a ^ 
hydes,^® the branched alkylidene derivatives prepared from 
require a stronger base.-^" Since the use of sodium in an ineit so 
causes reduction of the alkjdidenc derivative (p. 110), sodiuin anii 
liquid ammonia or in an inert solvent has proved to be most satis ac 
for the preparation of enolatcs from alkylidenemalonic esters eri 
from ketones. 

Cyanoacetic Esters (Table VI). Like malonic esters, cyairoacc r^ 
esters are usually alkylated in the presence of ethanolic sodium et loxi 
The increased importance of diallcj'lation(p. 121 ) as a side reaction atten ng 
the alkylation of cyanoacetic esters has been discussed. The high or d 
reactivity of the ethyl cyairoacetatc cnolate has been utilized 
tageously to prevent side reactions with verj- reactive alkylating agents, 
in such cases reaction of the alkylating agent with the enolatc 
apparently more rapid than the reactioir of the alkylating agent with le 
base or the solvent. . 

Substituted Cyanoacetic Esters (Tables VII and VIII) 
Alkylidenecyanoacetic Esters (Table IX). The use of cyanoacetic 
esters rather than malonic esters is recommended if the preparation o » 
dialkyl derivative is desired. IMonoalkyl derivatives of cyanoacetic ester 
are readily alkylated in the presence of ethanol and sodium ethoxide even 
if the first alkyl group introduced is bi’anched.'^^’--^’^“®’"^®~"^° 
propert}^ both simplifies the preparation of dialltylcyanoacetic esters an 
eliminates the need to introduce the primary alkyl group in the first sta^® 
of the alkylation as often must be done with malonic esters (p. 123). Tor 
example, ethyl ethyl(isopropyl)cyanoacetate was prepared in 86% jn® 
from ethyl isopropylcyanoacetate and ethjd iodide, whereas diethy 
ethyl(isopropjd)malonate was obtained from diethyl isopropjdmalonatc 
under similar conditions in very poor yield.^**^ 

Ethyl acetamidocyanoacetate 232 , 2 ii. 2 i 2 methyl (phenylacetainido)- 

cj'anoacetate-‘'^~245 ]lf^Ye been alkylated in the presence of alcoholic 

Tj* ■''“'"•iler, J. Am. Chem. Soc., 56, rrSO (4934). 

S40 Brauns, .4tin., 402, 364 (4944). 

-11 „ Flatau, Ber., 42, 2984 (4909). 

=11 v’ w ‘"’ll''. 67. 502 (4945). 

=1= Vl! n’*’ Rothchild, .7. Am. Chem. Soe., 73, 4000 (4954). 

Ehrhart, CAem. Ber., 82, 60 (4949). 

=15 Ber., 82, 387 (1949). 

Horner and Medem. Chem. Ber., 85, 520 (4952). 
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sodium allvoxides without difficulty. Sodium hydride has been recom- 
mended as the base for the alkylation of acetamidomalonic ester and 
acetamidocyanoacetic ester."'*® 

The alkylation of alk3didenecyanoacetic esters derived from aldehydes 
has failed because these alkjdidene derivatives are rapidly polymerized in 
the presence of bases.^*" Aside from the fact that only the alkylidene- 
malomc esters derived from the simplest ketones are available ®L 74 the 
use of alkylidenecyanoacetic esters derived from ketones rather than the 
malomc ester analogs offers an advantage in that the cyanoacetate deriva- 
taves may be affiylated in the presence of ethanolic sodium ethoxide 
However sodmm isopropoxide in isopropyl alcohol has been recommended 
tor the alkylation of secondary alkylidenecyanoacetic esters aLziLaiv 

.rf "WMenomalononllriles 

(Table IX . Malononitrile, monoalkylmalononitriles, and alkylidene- 
malononitriles have been alkylated in the presence r>f i- i- 

ethoxid,. Ho,veve. the usefulness of the itl„"“s e^^^ZX I 
Simultaneous addition of the alcohol to one of the nUf-i ^ 

ptoduct.M..,s.. to produce .u imldo ester (p JzZ T 
alkylidenemalononitriles derived from aldehydes polv*^ tbc 

readily. 211 The use of malononitrile to form monoalkvl 
limited by the ease ivith which it is dialkylated.®® 

Monocarboxylic Esters (Table XI), 3-Aryl-2-benzofii 
(Table XII), and Succinic, Glutaric and Glutaconic Est 
XIII). Either sodium amide or sodium triphenylmethide in 
vent is the base most often used to produce the enolates of mo 
esters. These sodium enolates have been alkylated with 
halides, with dihalogenated alkanes, -with phenacyl bro M 
nitroaryl halides,2i® with 4,7-dichloroquinoline,i’8 with ep**^* 
dialkyl sulfates,^^® and with alkyl sulfonates.®® In contrastT*^°**’°^ 
nitriles (p. 136), dialkylation is not a serious problem Th 
benzofuranones most often have been aUtylated by treatment ^ 
or potassium metal in an inert solvent followed by treat sodium 
alkylating agent. Several a-broraoglutaric esters have bee li'ith an 
the corresponding cyclopropane derivatives by self-alkyi .^^^^H^crted to 
used being sodium carbonate or potassium hydroxide. ss.zso haso 

As cited previously (p. 110), the acidity of acetic esterg ' 
alkyl substitution especially if the alkyl group is branched s ^®‘^uced by 

acidity of ethyl acetate is enhanced by the substitution of 0 the 

Shapira, Shapira, and Dittmer, J. Am. Chem. Soc., 75, 3655 (I 953 . l^-Oyl ^roup 
Mitter and Dutta, J, Indian Chem. Soc., 25, 306 (1948). 


Wislicenus and Mocker, Ber., 46, 2772 (1913). 
Bowden, J. Am. Chem. Soc., 60, 131 (1938). 
Perkin and Thorpe, J. Chem. Soc., 75, 48 (1899), 
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of the base potassium amide in a mixture of liquid ammonia and ether as 
the solvent has proved advantageous for the alkylation of phenylaceto- 
nitrile and diphenylacetonitriled®® The alkylating agents employed 
include alkyl and all 3 d halides, dihalogenated alkanes, chloropj^idines, 
chloroquinolines, epoxides, dialkjd sulfates, and alkjd sulfonates. In 
some instances elevated reaction temperatures favor dialkylation, 
elimination of the cj^ano group, or dimerization of the nitrile. 
AAdien 2- or d-chloropjTidines or 4-chloroquinolines were emploj'ed as the 
alkjdating agent for phenylacetonitrile the jdeld of product did not 
exceed 50% unless two equivalents of sodium amide were used.^'®’^®* 
This result has been attributed to the formation of an insoluble sodium 
salt which removed an additional equivalent of base from the reaction 
mixture.!’® 

The metal salts of primar 3 '' and secondary amines have been used as 
bases for the alk 3 dation of mononitriles. Sodium h 3 'droxide and 
potassium h 3 'droxide have also served as bases for the alk 3 dation of 

nitrileS.®b’5-79, 256,257 



Aldehydes2®®.263 and ketones!’!>!93,259 condense readily with mono- 
nitriles. The alkylidene derivatives formed from ketones are best con- 
verted to their sodium enolates v-ith sodium amide. Thus the alkylation 
of cyclohexylidene(phenyl)acetonitrile failed in ethanolic sodium 
ethoxide;2S9 with the stronger base sodium amide in benzene or ether, 
alk3’lated products were obtained in yields of 77-82%.!’! 

Alkylating Agents 

Halogens. The addition of bromine or iodine to an enolate often results 
in the coupling of two molecules of the active methylene compound. The 

Sperber, Papa, Schwonk, Sherlock, and Fricano, J. Am. Chem. Soc., 73, 5752 (195I), 

Ziegler, Ger. pat. 583,561 [C7. A., 28, 1057 (1934)]. 

Meyer, Ann., 250, 118 (1888). 

Haller and Benoist, Ann. chim. Paris, [9] 17, 25 (1922). 

Murray and Cloke, J. Am. Chem. Soc., 58, 2014 (1936). 

McRae and Slanske, J. Chem. Soc., 1928, 484. 
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probable course of the reaction^b"-^."-" uuU be seen ® JjX 

of an analogous side reaction involving vicinal dihalides (p. 1 )■ 

dimeric products have been formed from monocarboxj'lic esters, ’ 

3-aryl-2-benzo-furanones,-’'->^®^andmononitriles.“‘''* Houeier,! een ^ 

of some monosubstituted malonic esters formed only the 265*^That 

tive of the active methylene compound when treated with iodine, 
monosubstitution need not alwaj’s inhibit this coupling reaction is in i 
by the treatment of various poljnnethylene-a,ai-dimalonic 
iodine and a base; the corresponding carbocycles are formed. 

C^HjCHLCHlCOoCoHslalo + 2NaOC2H5 + 

.ClCOjCoHs), 

HjCoCH j + 2 NnI + 2C2H5OH 

\c(C02C2H5)2 

When the sodium enolate of ethyl cjmnoacetate is treated vith 
a cyclic trimer is formed the same product results when et J 

bromocyanoacetate is heated with aniline in ether.'"® 

NO CO2C2H5 


CHjCCNjCOjCjHg 


NaOCjHj 

n 


NC- 

CoHgOgC' 


-CN 

'CO2C2H5 


Alkyl Halides. In reactivity as allrylating agents for active methylene 
compounds the various halogenated organic compounds lie-in the order 
observed for other bimolecular nucleophilic displacement reactions, the 
alljd and benzyl halides are more reactive than the alk5d halides,®’^ wliic 
in turn are more reactive than the vinypb 275-277 and aryl^^®-®’® halides. 
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Lowenbein, Ber., 58, 601 (1925). 

Auwers and Meyer, Ber., 22, 1227 (1889). 

Bischoff and Hausdorfer, Ann., 239, 110 (1887). 

Perkin, J. Chem. Soc., 51, 1 (1887). 

Perkin, J. Chem. Soc., 51, 240 (1887). 

Perkin, J. Chem. Soc., 65, 572 (1894), 

Haworth and Perkin, J. Chem. Soc., 65, 591 (1894). 

-^0 Errera and Pcrciabosco, Ber., 33, 2976 (1900). 

Ill Engler and Meyer, Ber., 38, 2486 (1905). 

Young, J. Chem. Soc., 77, 937 (1900). 

Goldthwaitc, .4m. Chem. J., 30, 447 (1903). 

Xoller and Adams, J. Am. Chem. Soc., 48, 2444 (1926). 

Benarj* and Schinkopf, Ber., 56, 354 (1923). 
j:' ' ■ Dissertation, University of Wisconsin, 1924. 

ITS 65, 669 (1943). 

OTC nnd Thomas, .7. ^ri. Chem. Soc., 45, 1811 (1923). 
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Like^^ise, for a given alk}'! group the iodide is more reactive than tlic 
bromide, 142, 234, 2-3-281 which is more reactive than the chloride,^^^-^® i 
the fluoride being almost inert.^ss Since very reactive halogen compounds 
favor dialk 5 flation (p. 121), it is usually advisable to select the least 
reactive hahde as an alkylating agent where dialkylation is expected to be 
a serious side reactiond'*®>280 

jUkjd halides that are readily delij'drohalogenatcd (e.g., tertiary allcyl 
halides) are unsuitable alkylating agents (p. 124), since the yield of 
alkjdated product is materially reduced by the loss of both base and alkyl 
hahde which accompanies dehydrohalogenation.'*Li«,ic 8 , 2 sc example, 
one-third of the cyclohexyl bromide employed in the alkylation of diethyl 
malonate was converted to cyclohexene.-®“ 

Although the all^yl bromides are usually the most satisfactory alkylating 
agents, the alkyl chloride is recommended when the corresponding alkvl 
bromide is very reactive. If the alkyl bromide is relatively unreactive 
use of the corresponding alkyl iodide is preferable. If the desired alkyl 
iodide is not available a satisfactory alternative employs mixtures of the 
alkyl bromide or alkyl cldoride with sodium iodide'o.287-2B3,2Di q- „ < 
sium iodide*®"'®®^ in alcohoUc media. 

Di- and Poly-halides. Alkjdation reactions involving methylene 
chloride,293,294 methylene bromide,^*® and methylene iodide^oi-aoo have 
been found to proceed normally. Such dihalides have been especially 
valuable for the preparation of cyclic systems.^^c, 299-302 However ^ 
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Perkin and Scarborough, J. Chem. Soc., 119, 1400 (1921). 

Dressel and Guthzeit, Ann., 258, 171 (1890). 

Guthzeit and Dressel, Ber., 21, 2233 (1888). 

Zelinsky, Ber., 22, 3294 (1889). 

Perkin, J. Chem. Soc., 59, 798 (1891). 
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similar reaction involving benzylidene chloride and tetraethjl 
pentanetetracarboxylate led to the formation of the dou y RR® 


CHatCHlCOaCoHglg], + CHjI, 


NaOCjlIs 


{COoCaHjla 


(COjCaHsls 


acid a,a'-dibenzylidenepimelic acid, after saponification and decar o/J 
tion,^”^ rather than a cyclic compound. . 

Chloroform, bromoform, iodoform, ethyl trichloroacetate, car 
tetrachloride, and carbon tetrabromide all react with diethyl sodioma om ^ 
to form diethyl a,y-dicarbethoxyglutaconate, although a similar re&c i 
with 1,1,1-trichloroethane failed. ' Analogous products are forme '"i 


NaOC.Us 

CHCI3 + 2CHa(C02C2H5)2 - > (C2H502C)2CHCH=C(C02C2 Hs)2 

other active methylene compounds including ethyl cyanoacetate and 
malononitrile.^’'^ If monoalliylmalonic esters are utilized in a sun a 
reaction, a mixture of products is formed in which either one or two 0 i 
halogen atoms of the haloform is retained.^®^ 


CH3CH(C02C2H5)2 + CHa3 - , , c12CHC(CH3KC02C2H5)2 

+ (C2H502C)2C(CH3)CHC1C(CH3)(C02C2S5)2 

a,co-Polymethylene dihalides have served as useful alkylating agents for 
the preparation of carbooyclic compounds with ring sizes ranging from 
three to seven.s2A7o.26<,, 304-310 ^ competing reaction results in the 


Br(CH2)5Br + CH2(C02C2H5)2 


KaOC.Hs.CgHsOH 



CO 2 C 2 H 5 

COaCoHg 


+ (C2H502C)2CH(CH2)5CH(C02C2H5)3 


303 

30« 

30S 

SOS 


erkm and Prentice, J. Chem. Soc., 59, 818 (1891). 
ox and Yoder, J. .4m. Chem. Soc., 43, 1366 (1921). 
ow es and Cloke, J. Am. Chem. Soc., 54, 2028 (1932). 

307 "55 (193h. 

308 Chem. Soc., 68, 2345 (1946). 

Haaorth and Perkin. J. Chem. Soc., 65, 86 (1894). 

r^n er and Perkin, J. Chem. Soc., 75, 921 (1899) 

Best and Thorpe, J. Chem. Soc., 95, 685 (1909). 
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simultaneous formation of the tetralkyl polymethylene-a,(W-dimalonate.®ii 
Although this tetracarboxylic ester is usually formed by attack of two 
diethyl malonate anions on the dihalide, the cyclopropane derivative 
obtained when ethylene dibromide serves as the alkylating agent has been 
found to be susceptible to attack by the enolate of an active methylene 
compound.=>i°-=^i2-3i4 Thus the tetracarboxylic ester could be formed by 
either of two routes. The yield of the cyclopropane is better if ethyl 
cyanoacetate is substituted for diethyl malonate. As would be antici- 
pated, the use of a large volume of solvent favors intramolecular alkylation 
leading to a cyclic product.^*^®'^®’ 


BrCHaCHaBr -t CHlCOaCaHgla ^ BrlCHalaCHlCOaCgHglg -f Br® 


CHj 

Br(CH2)2CH(C02C2H5)2 > |^C(C02C2H5)2 

CH, 


CO2C2H5 


Br{CH2)2CH(C02C2H5)2 -f CHCCOjCaHglj ^ (CaHgOjClaCHlCHglgCH 
CHg 

|\c(C02C2H5)2 + CH2(C02C2H5)2 

CH, 


CO2C2H5 


A similar synthesis of cyclopropane derivatives utilizes l,4-dibromo-2- 
butene as the alkylating agent.^® The major products are tetraethyl 
2-vinyl-l,l,4,4-butanetetracarboxylate and diethyl 2-vinyl-l,l-cyclo- 
propanedicarboxylate, the cyclopropane derivative apparently having 
been formed by an intramolecular S^2' process (p. 112). 

BrCH2CH=CHCH2Br CH2(C02C2H5)2 c"h,^o1 -~^ 

CH2=CH— -CH— CCCOaCgHglg + CH2=CH— CHCH(C02C2H5)2 

\h2 CH2CH(C02C2H5)2 

-f (C2H502C)2CHCH2CH=CHCH2CH(C02C2H5)2 

It has proved difficult to arrest the reaction of polymethylene dihalides 
and sodiomalonic ester at the monoalkylation stage, since the intra- 
molecular and intermolecular dialkylation reactions described previously 


Freer and Perkin, J, Chem, Soc.f 53, 215 (1888). 

Bono and Perkin, J. Chem. Soc., 67, 108 (1895). 

Mitchell and Thorpe, J. Chem. Soc., 97, 997 (1910). 
Kicrstead, Linstead, and Weedon. J. Chem. Soc., 1952, 3616. 
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often predominate. However, diethyl 

prepared in 70% yield by the use of a large excess of 1,3-dibr p P 
with diethyl malonate.i^i An alternative sjnithesis for such 
involves the initial formation of a terminal methylene 
malonic e.stcr followed by the peroxide-catalyzed addition ot hy o 
bromidc.-'®’^'^ e 

CH^^CHCHoBr -f CH(CO„C.,H5)2 -> CH2=CHCH2CH(CO„C2H5)2 + S'" 


CHj^-CnCHjCtKCOjCjHs), -f HBr 


Peroxide 

catalyst 


Br(CH„)3CH(C02C2H5)2 


Honoalkylation of diethyl sodiomalonate with l-chloro-3-iodoprop*^^ 
would be expected to produce diethyl y-chloropropylmalonate, isp 
ment having involved the more reactive carbon-iodine bond. ^ Hovel 
the alcohol-soluble sodium iodide produced in the reaction mixture coi^ 
verted the chloro ester in part to the corresponding iocio compoun ^ 
tVhen excess sodium iodide was added to the reaction mixture,^ on 
diethyl -/-iodopropylmalonate could be isolated.®- In the preparation o 
diethyl (/5-chloroelhyl)isoam\dmnlonate from l-chloro-2-iodoetliane an 
diethyl isoamylmalonatc this problem was avoided by' the use of a benzene 
solution in which .«odium iodide is insoluble.®’® ^ 

Where one of the halogens of the dihalidc is bonded to a secon ary^ 
carbon atom, some dehydrohalogenation may be expected to accompa”) 
alkylation.'®® Halogen atoms bonded to tertiary carbon atoms arc os 
as the corre.sjKinding hydrogen halide.' 

As described earlier (p. 12.5) certain vicinal dihalides, especially those 
compounds in which the halogen atoms arc bonded to secondary aii 
tertiary carbon atoms, tend to lose the halogen with the resulting formation 
of an olefin and the coupled product from two molecules of the acti'C 
methylene comiiound. Other vicinal dihalides such as 1,2-dichloro 
cyclohexane.'®® 1 .2-dibromocyclohexane.'®®-®'®'®'® 1,2-dibromotctrahydro- 
naphthalene,'-®'"-® and 2,3-dihroinodcc.ahydronaphthnlcne'"'® undergo 


)C1 

-h 


XaOCMI, 



Cl -1- XnCl -f CjHjOH 



CIKCOX'AI.), 


^ ^CH(CO;CJ%l2 -k Cl 
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both alkylation and dehydrohalogenation reactions. Thus the product 

formed from the 1,2-dihalocyclohexanes was the same as the product 

formed from 2-cyclohexenyl chloride^®® or 2-cyclohexenyl bromide.®*® 

Since the alkylation of 1 ,2-dichlorocyclohexane with diethyl sodiomalonate 

proceeds much more rapidly than the analogous reaction with cyclohexyl 

chloride,*®® dehydrochlorination is presumed to be the first step in the 

reaction sequence. With 2,3-dibromotetrahydronaphthalene only 

dehydrohalogenation occurred, the product being naphthalene.®®® 

The reaction of 1 ,2-dithioc3'anocyclohexane with diethyl malonate is 

completely analogous to the reaction of the 1 ,2-dihalocyclohexanes. One 

thiocyano group is lost in an elimination reaction, and the other group is 

displaced with the production of diethyl 2-cyclohexenylmalonate.®®® 

Vinyl and Aryl Halides. Although vinyl and aryl halides, being inert 

to nucleophilic displacement reactions, are generally of no value as 

alkylating agents, several successful alkylation reactions involving such 

hahdes have been reported. Thus 1,2-dibromoethylene reacted with 

^ethyl ethylmalonate to yield diethyl ethyl-(^.bromovinyl)malonate.®* 

However, l,2.dichloroethylene failed to alkylate malonic ester®’® The 

successful alkylation of acetonitrile with chlorobenzene in the presence of 

potassium amide and liquid ammonia®®® may be likened to the conversion 

of chlorobenzene to aniline under similar condition"! 324 i. • u xi. 

„„ , . , , 1 -xi. X XI ’ which the ammo 

group may become attached either to the carbon atnr« i • t 

■ X • T , , X j- X , which the 

cmorine atom is displaced or to an adjacent carbon atom tx • , i 

XU -x- X u- 1 xu It IS not known 

''hether the position at which the cyanomethyl group enters and the 

position occupied b 3 ! the leaving chlorine atom are the same 

If the carbon-halogen bond of the aryl halide is activated by the ' 

duction of electron-attracting groups ortho and para to the haloe ^ 

then successful ar 3 dation will occur. For example, ethyl p-nitr 

c3'anoacetate has been prepared from J>-nitrochlorobenzene and 

cyanoacetate.®®® However, it will be recalled that such electron-att 

substituents also promote decarbethoxylation (p. 127 ). When 

2,4-dinitrophen3dmalonate was treated with 2,4-dLnitrobroinoben' • 
ethanolic sodium ethoxide, onl 3 ’ eth 3 ’l ^’®-(2,4-dinitropheny]\^'^^^ 

could be isolated.*®'* Replacement ofhalogen atoms situated on n 

substituted benzene rings by hydrogen has also been observed^'^’^*'"-'*^^ 


alk3’lation reactions.®®®"®®® 


during 


”* Cngniant nnd Buu-Hol, Bull. soc. chim. France, [5] 9, 111 (1942). 
iMoussoron nnd AVintcrnitz, 23ull. soc. chim. Franccr [5] 11, 120 
Bergstrom and Agostinho, J. Am. Chem. Soc.f 6/, 2152 (1945). 

Roberta, Simmons, Carlsmitli, nnd Vaughan,./, .dm. Chem. Soc.^ 75, 3200 (it - 
Fnirbounic nnd Fnwaon, J. Chem. Soc., 1927« 46. ^2). 

Jnckson and Robinson, -Im. Chem, J.t 11* (1889). 

Jackson nntl Robinson, .-Im. Chcm.J., 11, 641 (J6S9). 

Jnckson and Robinson, Bcr., 21, 2034 (ISS8)* 
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The 2- and 4-halopyridines and the 2- and 4 -chloroquinolines, 4'h 
reactivity may be likened to that of the nitrochlorobenzenes just es 
also serve as effective alkylating agents. . 

Epoxides. Epoxides have served as alkylating agents or 
esters, cyanoacetic esters, monocarboxylic esters, and mononi 
Except in sterioally unfavorable instances,’ the intermediate J r® 
esters or hydroxy nitriles are converted to the corresponding lactone 
cyclic imido esters.^’>®^® The same products are formed if the 
spending aUcene halohydrins are utilized. . 

Dialkyl Carbonates. The dialkyl carbonates cannot be used to a y 
ate malonic ester, monocarboxylic esters, monon^ 
triles^®^>^®*’'’®®>^^^ because carbethoxylation of the intermediate aui 
(p. 128) takes precedence over alkylation. With primary alkylma on 
esters the dialkyl carbonates may be used as allcylating agents, 
dialkylated product being obtained in yields of 25-80%.®^“ The dia 'y^ 
carbonates are unsatisfactory alkylating agents for secondary alkyim< 
esters and for alkylcyanoacetic esters.®^® , , 

Dialkyl Sulfates, Alkyl Sulfonates, and Nitrates. Both diniet 
sulfate and diethyl sulfate have been used extensively for the alkylation 
all types of active methylene compounds. The yields obtained ndth t es 
alkylating agents and with the corresponding alkyl iodides are usua y 
similar. In addition the high boiling points of the dialkyl sulfates 
permit the use of higher reaction temperatures without loss of 
alkylating agent.®'*® 

The alkyl benzenesulfonates and the alkyl p-toluenesulfonates have been 
used to advantage as allcylating agents.®® As in the case of the alky 
halides the yields of alkylated products derived from primary alky 
sulfonates are good, but only fair yields are obtained with the sulfonate 
esters of secondary alcohols. In addition to their high boiling points, 
the alkyl sulfonates are valuable alkylating agents where conversion of t le 
corresponding alcohol to the alkyl halide is difficult or involves re- 
arrangement .238,334,335 

Benzyl nitrate has served as an alkylating agent for malonic ester, 
both mono- and di-alkylation products being obtained.®®® 


330 and Stevens, J. Am. Chem. Soc., 69, 2941 (1947). 

Jones, J. Am. Chem. Soc., 64, 578 (1942). 
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component in an acetic ncid-pipcrirlinc mixture is 
palladium on charcoal. This procc.ss, termed rcducti\c a 'J ” 
been found to produce ccidain alkylcyanoacctic esters m }ic 
39-98%.^®-“^'^' 

Reductions of alUylidene derivatives and reductive nlk\lation a^^ 
advantageous in that dialkjdation, a side reaction in alkylation proeec i 
is avoided.^®’ The use of platinum oxide ns the catalyst for 
alkylation may result in partial reduction of the nitrile group in a i > 
to the expected reduetive alkylation.®®^ _ 

Addition of Grignard Reagents to Alkylidene 
(Tables XVIII and XIX). Extensive dchydrohnlogcnation precludes 
use of tertiary alkyl halidc.s for the preparat ion of tertiary alkyl dcri% a tv ^ 
of active methylene compounds (pp. 112 , 12 - 1 , 139 ). Such tertiarj a 
derivatives can be prepared by the addition of Grignard reagents to 
alkylidene derivatives obtained by the condensation of mnlonic or C 3 an 
acetic esters with a ketone. The mode of addit ion of Grignard reagents 


+ CHjltlgl (CHjlaCCHlCO^CjHsls 



^CtCNlCOjCoHj + CgHjl^IgBr -> 



CHlCN'lCOjCjHs 

CcHs 


substituted cinnamonitrilcs is dependent on the structure of the unsaturated 
compound. Normally, 1,2 addition occurs forming an imino com- 
pound;®®®-®®® however, if a large group is bonded to the a-carbon atom, 1> 
additionleadingtoasaturated nitrile has been observed.®®®-®®® The addition 
of ahphatic Grignard reagents to alkylidene derivatives is often accom- 
panied by reduction of the double bond in the alkj-lidene compound as a 
side reaction.®®’ The substitution of the appropriate dialkyl- or diaryl- 
cadmium for the Grignard reagent has re.sulted in the formation of the 
alkylated product in poor yield.®®’ The addition of copper salts to the 
reaction mixture has been reported to favor the 1,4-addition of Grignard 
reagents to ahcj-lidenemalonic esters.®®® 

Condensation of Aromatic Compounds with Mesoxalic and 
Tartronic Esters (Table XX). Direct alkylation methods usually can- 
not be applied to the preparation of arjd- and diaryl-malonic esters (p. 143)- 
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Brandstrom and Forsblad. Kemi. 6. 501 (1954). 



THE ALKYLATION OF ESTERS AND NITRILES 


147 


Aryl-substituted malonic esters have been obtained from diethyl mesoxa- 
late, an oxidation product of diethyl malonate.^**® The aryltartronic esters 
have been obtained either by the condensation of mesoxalic ester with 
aromatic hydrocarbons in the presence of sulfuric acid or stannic 
chloride^’®’^'^ or bj’’ the addition of Grignard reagents to mesoxalic ester 

CH3 

“*0 

CH 3 CH 3 

at — 70%.^’^ Diethyl 9-phenanthryltartronate has been converted to 
9-phenanthrylmalonic ester by the replacement of the hydroxyl group by 
a chlorine atom followed by reduction 

The diarylmalonic esters have been prepared by the condensation of 
aromatic h 3 ’'droearbons with either mesoxalic esters or aryltartronic esters 
in the presence of sulfuric acid or phosphorus oxychloride.®’^ 


CHs 


OCCCOaCaHs)^ -P 



OH 

I 


OH 

P-lCHjlaNCeH^qcOaCaHgla -t- (CHgljNCsHg 


FOCI 3 


[p-lCHglgNCeH.laCiCOaCgHsla 


Other Methods. Among other methods available for the preparation 
of alkyl- or aryl-malonic esters is the condensation of diethyl oxalate with 
the appropriately substituted acetic ester.”® The resultant ethoxalyl 
derivative is then decarbonylated thermally with s”* or without®’®-®^ 
powdered soft glass. This method is of value not only for the preparation 

C^H^CH^CO^C^H^ -t- (C03C3H3)3^^^^^^^C,H3CH(C03C3H3)C0C03C3H- 
CgHsCHlCOgCgHslCOCOaCgHs -> CO C6H5CH(C02C2H5)2 
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Rising and Stioglitz, J. Am. Chem. Soc., 40, 723 (1918). 

Keaoh, J. Am. Chem. Soc., 55, 3440 (1933). 

Lauer and Hanson, J. Am. Chem. Soc., 61. 303J U®®®)- 
Lovene and Meyer. Org. Syntheses, Coll. Vol. 2. John U doy & Sons, Ne«. 
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of arylmalonic esters unobtainable by direct alkylation, ‘ 

preparation of low-molecular-weight monoalliylnia onic e 
separation from the malonic ester and dialkylmalonic 3 gj 

product obtained by direct alkylation is difficult (p. 12 )• diethyl 

A more direct method of carbethoxylation involves t e use _ 
carbonate in the presence of sodium ethoxide. This met o is^^ j29_33i)-332 
to the synthesis of alkyl and aryl derivatives of malonic ester ^ 
and cyanoacetic ester, the best yields being o am 
case of the aryl derivatives. DiaUrylacetic esters cannot e 

oxylated by this method.'*^ vlacetic 

The alkylation of aromatic hydrocarbons with a-bromoar^ ^ 

esters, a-bromoarjdacetonitriles, or a-bromodiarylacetonitri 3j2 

Friedel-Crafts reaction has served to produce diarylacetic es 
diarylacetonitriles,^’*^®^'^®^ and triarylacetonitriles.®®^ 

Diethyl cyclopropylmalonate has been prepared from 
carboxylic acid by means of the reaction sequence illustrate ' 
accompanjdng equations.^®'* 


CH, 

l^CHCOBr + NjCHCOjCjHj 

CHj 


CHg 

hcHCOCNgCOjCgHs 

<^2 


CHj 

^CHCOCNjCOjCjHj 

CH„ 


CH, 

APnO K 

— > ncHC=c=:0 

^^2 COgCgHg 


CHj 

^:CHC=C=0 -f C„H,OH 

CH ' 

C0„C„H5 


CHj 

I^CHCHlCOjCoHsla 

CH, 


Tlie alkylation of cyanokctenc dimethyl acetal with benzyl bromide 
ca^e, after acidification, methyl benzylcyanoacetate (21%) imd met 

dibcnzylcyanoacctatc (26%).285 
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SYNTHETIC APPLICATIONS OF THE ALKYLATION REACTION 

The alkylation of active methylene compounds affords a convenient 
sjmthetic route to mono-, di-, and tri-substituted derivatives of acetic 
acid and acetonitrile in -which the carbon chain of the alkylating agent has 
been lengthened bji- two atoms. Substituted acetic acids are often pre- 
pared from the corresponding malonic esters by saponification -with 
aqueous alkaU (p. 157) followed by decarboxylation of the substituted 
malonic acid. With ethyl esters the course of the saponification step may 
be followed by distilling the ethanol from the reaction mixture as it is 
formed. With low-molecular-weight substituted malonic acids, decar- 
boxylation is most easily effected by boUing a solution of the malonic acid 
in 20% (constant-boiling) aqueous hj^drochloric acid or aqueous sulfuric 
acid. The saponification and decarboxylation may be done in the same 
reaction vessel if a calculated excess of concentrated hydrochloric or 
sulfuric acid is added to the reaction mixture obtained from the saponi- 
fication.i^>®®® It is usuallj' more satisfactory to isolate substituted 
malonic acids of high molecular weight. These acids lose carbon dioxide 
when they are heated above their melting points.®®’ Alternatively, a 
solution of the substituted malonic acid in a high-boiling solvent such as 
xjdene may be boiled under reflux until decarboxylation is complete. 

^CfCO^CoHs), -> )C(CO,®Na©)2 ->• ^ClCOgHla ^ ^CHCOjH + CO^ 
R'-^ " R'/ R'/ 

The saponification of substituted cyanoacetic esters followed by the 
thermal decarboxylation of the corresponding cyanoacetic acid yields 
substituted acetonitriles. 


R. 

R 


X R. R 

>C(CN)C02C2Hs >C(CN)C02®Na© \C(CN)C02H ^ 
'/ jj// R'/ R'- 


CHCN+CO, 


Substituted malonic and cyanoacetic esters may be hydrolyzed and 
decarboxylated to yield substituted acetic acids in one step by treatment 
with boiling aqueous acids.®®® 


Reid and Rnhoff, Org. Syntheses, Coll. Vol. 2, John -WUey & Sons, New York, 1943, 
p. 474. 

Jlarx-el and du Vigneaud, Org. Syntheses, Coll. Vol. 2, John IViley & Sons, Xew York, 
1943, p. 94, 

Clarke and Murray. Org, Syntheses, Coll, Vol. 1, John Wiley & Sons, New York. 1941, 
p. 523. 
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(.Butyl.=®netTahydropyranyl.”® andbenzhydryl-2' estos of subs^^^ 

„.to„ic .eids undergo felon of the earbon-otcygin jj' 1 

„cidien,edi.. Th»,.pidfeionofl.bntylefers “.ndte t.hjfc 

esters^’’'- has been utilized for the synthesis of easily reducible ketones, 


p.O,NCeH,COC(CH,C,H,)(CO,C,H,-«)2 p-O.NC.H^COCHoCH.CeHs 

+ 200, + 2(CH3)2C=CH2 


by the acidic hydrolysis and decarboxylation of acylmalonic ^ste . 
use of benzyl esters=»‘-=''« which can be cleaved 

not feasible for the synthesis of compounds with easily reducible g P ^ 
The use of the acid-labile J-butyl and tetrahydropyranyl esters is D 
recommended for the preparation of substituted malonic or 
acids containing other functions which would not survive the reac 
conditions required for the hydrolysis of the ethyl esteis. te\ ers 

nature of the acidic cleavage permits the synthesis of i-butyl esters by 
condensation of carboxylic acids and isobutylene in an acidic medium, 
tetrahydropyranyl esters may be prepared similarly from dihydropyran. 


CH2(C02H)2 -f 2(CH3)2C = CH2 + 2H© CH2(C02C4H9-t)2 

An alternative method for the conversion of diethyl dialkylmalonates 
to ethyl dialkylacetates involves the removal of a carbethoxyl group a 
high temperatures. This change is most easily effected by heating an 
ethanolic solution of the diethyl dialkylmalonate to 250° in the presence 
of sodium ethoxide (p. 127). Under such conditions diethyl diethy 
malonate was converted to ethyl diethylacetate in 82% yield.^®“ When 
an ethereal solution of diethyl diethylmalonate was heated with 2 gram 
atoms of sodium metal, carbon monoxide (85%) was evolved and ethyl 


Cohen and Schneider, J. Am. Chem. 5oc., 63, 3382 (1941). 

3*® Bowman and Fordham, J. Chtm. Soc., 1952, 3945. 

Strain, Plati, and Warren, J. Am. Chem. Soc., 64, 143G (1942). 

Breslow, Baumgarten, and Hauser, J. Am. Chem. Soc.^ 66, 1286 (1944). 

393 Fonken and Johnson, J, Am. Chem. <Soc,, 74, 831 (1952). 

Bowman, J. Chem. Soc., 1950, 325. 

Ames and Bowman, J. Chem. Soc., 1951, 1079. 

Bowman and Fordham, J. Chem. Soc., 1951, 2758. 

Hartung and Simonoff in Adams, Organic Reactions, Vol. 7, Chapter 5, John Wiley & 
Sons, New York, 1953, pp. 263-326, 
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diethylacetate was formed in 46% jdeld.®^® Similarly, diethyl diethyl- 
malonate, when heated wdth ethanol-free sodium ethoxide to 220-230°, 
yielded ethyl diethylacetate (67%), ether (8%), diethyl carbonate (16%), 
ethylene (14%), carbon monoxide (25%), and ethanol.^®® The diethyl 
carbonate was presumably formed from the ethanol generated in the 
reaction mixture (p. 127). 

Substituted acetic acids prepared by means of the alkylation 
reaction have been used to prepare long-chain hydrocarbons of known 
structure,'*®'^^i>®®®>^®® hydrindones,^i*’^®^“^^® tetralones,®^^>^^^~^^® and 
hydrotetralones .^24-426 

A number of amino acid syntheses have utilized such starting materials 

aschloromalonicester,^®®alkylmalonicesters,^^®di®.i®2>427-433ajj^jjjQjjjg^joni0 

398 Krollpfoiffer and Rosenberg, Ber., 69, 465 (1936). 

Levene and Taylor, J, Btol. Chem.^ 54, 351 (1922). 

Grimshaw, Guy, and Smith, J. Chem. Soc.^ 1940, 68. 

Lecocq, Ann. chim. Paris, [12] 3, 62 (1948). 
von Braun and Friedsam, Per., 65, 1680 (1932). 

Cagnxant and Buu-Hol, BuU. soc. chim. France^ [5] 9, 119 (1942). 

Cagniant, BuU. soc. chim. France^ [5] 9, 884 (1942). 
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. 246, 436, 437 acetaiTiidomaloiiic 

esters forniamidomalonic esier, 233,453,458,459 

' - „ ' 49 232,234,335,438-452,454-457 betizamidomalonic este , 

phthalimidomalonic ester, esters.«9U72 

and acylaminocj’anoaeetic esters* > ’ ^mino acids from 

The reaction sequence utilized for the P^epara noacetie 

aminoinalonic esters, acylaminomalonic esters, L decarboxylation, 

esters involves alkylation follorved by saponification and deca J 
Finally the acyl group is removed by acid hydrolysis. By the app P 

RCONHClKCOjCjHsl, RCONHClR'KCOaCjHglg 

-V RCONHCHlR'lCOaH ^ B'CHINH,) 2 
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RCH(C02K)C02C2H5- 


. „ HNO2 

RCH(C02K)C0NHNH2 ^ 


CO— o 


/ 

RCH(C02K)C0N3 -> BCH 


. BCH(NH2)C02H 


NH— CO 


RCH(CN)C02C2H3 BCH(CN)C0NHNH2 BCH(CN)C0N3 

BCH(NH2)CN BCH(NH2)C02H 

and some large-ring are readily accessible with 

the use of dihalogenated alkylating agents or w-haloalkyl deriva 
active methylene compounds. Alkylating agents of the yp 
Z(CH2CH2C1)2, where Z is an oxygen, sulfur, or nitrogen atom, have e 
used to synthesize tetrahydropyrans,”.«bos6-499 tetrahydrot^o- 
pyrans,”.«® and piperidines.”.^®*, 501,503-505 The synthesis of certain 

polj'nuclear hydrocarbons by the method of Darzens*®®"*^® and by re a 
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methods^i^ requires as intermediates suitably substituted allylmalonic 
esters. 




Lactones are readily prepared bj' the treatment of epoxides with the 
metal enolates of malonic esters, cyanoacetic esters,®*® or 
ethyl isobutyrate.®® Similarly, mononitriles are converted to cyclic 
imido esters,**'®*® which may be hydrolyzed to lactones.*® The reaction 
of a-bromoisobutyraldehyde with diethyl malonate produced an un- 
saturated lactone rather than a normal alkjdation product.®*® 
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lob 

, . , 15.35.125,126.129,144,203,278. 

Tt, .ivnthesis of barbituric acids, malonic esters, 33^ 3,5,375,484,53^561 

The barbituric acids are formed when one o -nresence 

.ncthykne compound, b treated 

nf ^ V)asG TI16 t,liiol3tirbitiiiric ticicls ^ ^ ,^Tn 

from thiourea in an analogous manner. The intermediate imino 

CO— NH 

XaOCjH^ [,0 + 2C2H5OH 


RjCiCOjCjHslj + NH2CONH, 


CO— NH 


pounds formed in the reaction of substituted cyanoacetic esters or sub- 
^ituted malononitrUes with urea or a urea derivative have been hydro 
lyzed with aqueous acid. 
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EXPERIMENTAL CONDITIONS AND PROCEDURES 

If optimum yields are to be obtained from an alkylation reaction the 
apparatus, solvent, and reactants must be anhydrous. Although the 
maintenance of an inert (nitrogen) atmosphere in the reaction is advisable, 
this precaution is of prime importance if a high-boding solvent is used or 
if the reaction is run at a temperature below the boiling point of the 
solvent. Without protection from the atmosphere afforded by solvent 
vapor or by an inert gas, many of the alkoxides and enolates are rapidly 
attacked by molecular oxygen. 

If the alkylating agent is relatively volatile an excess of the reagent 
must be employed if the reaction is to go to completion. In such instances 
a desirable alternative is the use of dimethyl sulfate, diethyl sulfate, or the 
appropriate alkyl sulfonate. Although the completion of an alkylation 
can sometimes be determined by allowing the reaction to proceed until 
the reaction mixture becomes neutral, in many reactions complete 
neutrality is never reached. To determine the extent of alkylation in such 
cases it is advisable to remove aliquots of the reaction mixture periodicallv 
and to titrate them with a standard acid. To simplify subsequent extrac- 
tion procedures the majority of the alcohol should be distilled from an 
alkylation reaction mixture before the mixture is poured into water. 
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llonoalkylmalonic esters must be boiled with 50% aqueous potassium 
hydroxide for two hours to effect saponification,®^’®’^ and dialkylma omc 
esters require ten hours under similar conditions.®^’ With less con 
centrated alkali longer reaction periods are required. The cyanoacetic 
esters are more rapidly hydrolyzed, the ester group of ethyl met y 
cyanoacetatc being saponified almost instantly ivith 10% aqueous 
sodium hydroxide.®®® Similarly, ethyl dimethjdcyanoacetate is saponi e 
within twentj’ minutes.®®® 

The ease with which alkylidenecyanoacetic esters form water-solub e 
sodium bisulfite adducts permits these esters to be separated from their 

^ « T T_* 37 64 214,344 

alkylation products, which do not react with sodium bisumte. ’ ’ 
Unchanged alkylidenemalonic esters also may be removed by treatment 
with aqueous ammonium hydroxide. Under such conditions the alkyli- 
denc derivative is converted to the aldehyde or ketone and malonic ester 
in a reverse aldol reaction. The malonic ester so formed is converted to 
malonamide.®® 

Diethyl n-Butylmalonate.’® Tliis Organic Syntheses procedure illus- 
trates the standard method used for the alkylation of malonic and cyano- 
acetic esters. The monoalkylated product is obtained in 80-90% yield 
from 5.15 moles of diethj’l malonate and 5.0 moles of n-butyl bromide in 
the presence of ethanolic sodium ethoxide prepared from 2.5 1. of ethanol 
and 5 gram atoms of sodium. 

Diethyi Benzylmalonate.’®® If the standard alkjdation procedure for 
malonic esters (cf. diethyl n-butylmalonate, above) is applied to a reactive 
halide such as benzyl chloride, diethyl benzylmalonate is obtained in 
J'ield, the remainder of the product being diethyl dibenzyl- 
malonate.n® In the procedure of Leuchs an excess of diethyl malonate 
is used to reduce dialkylation (p. 122). 

To an ethanolic solution of diethyl sodiomalonate prepared from 11.5 g- 
(0.5 gram atom) of sodium, 150 ml. of absolute ethanol, and 160 g. (l-O 
mole) of diethyl malonate, is added dropwise, with stirring, 63.2 g. 
(O.o mole) of benzyl chloride. The reaction mixture is boiled under reflux 
vintil it is neutral to litmus. After most of the ethanol has been distilled 
from the mixture under reduced pressure, water is added to the residual 
oil and the mixture is extracted with ether. The ether solution is dried 
and fractionally distilled. The diethyl benzylmalonate, collected at 
16.M <0 /12 mm., amounts to 107 g, (85%). 

Diethyl Ethyl(phenyl)maIonate (Inverse Addition Procedure).^’ 
n a _.l. thrcc-nocked flask equipped with a dropping funnel, a mechanical 
tirrcr, .ind an efiicient reflux condenser connected to a trap chilled in solid 
o.'irbon dioxide are placed 264 g. (1.1 moles) of diethyl phenylmalonatc 
N'en-ii nti l Tu-V:. r. J. Chrm.Sor., 55 . 4097 (1933). 
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and 131 g. (1.2 moles) of ethyl bromide. Wiile the contents of the flask 
are maintained at 45°, a solution of sodium ethoxide, prepared by the 
addition of 25 g. (1.1 gram atoms) of .sodium to 450 ml. of absolute ethanol 
and followed by dilution of the solution with 10 ml. of ethyl acetate, is 
added dropwise with stirring. The sodium ethoxide solution is added at 
such a rate that the reaction mixture never becomes more than slightly 
basic to moist phenolphthalein paper. Near the end of the addition period 
any ethyl bromide which has collected in the solid carbon dioxide trap is 
returned to the reaction vc.ssel. After the addition is complete (time 
required one and one-half to two hours) the reaction mixture is heated to 
45° with stirring for one hour, and then the bulk of the ethanol is distilled 
from the reaction mixture. After water has been added to the residual 
oil and the mixture extracted with ether, the ether solution is dried 
over sodium sulfate and fractionally distilled. The diethyl ethyl- 
(phcnyl)malonate is collected at 16C-ICS°/12-]3 mm.; yield 24S g. 

(OTrob 

Diethyl EthyI(isopropyl)malonate. (.4) Alkijlalion of Diethyl Ethyl- 
inalnriatc.^*^ To a solution of the sodium cnolatc of diethyl cthylmalonate, 
prepared from 24. Sg. (l.OS gram atoms) of sodium. 300 ml. of absolute 
ethanol, and 200 g. (l.OS moles) of diethyl cthylmalonate. 100 g. (1.12 
moles) of isopropyl iodide is added dropwise. After the reaction mixture 
has been boiled under reflux with stirring for fifteen ho\ir.s, most of the 
ethanol is distilled from the mixture and water is added. The product 
is extract«l with ether, and the ether solution is dried over calcium 
chloride and fractionally distilled. The yield of diethyl cthyl(isopropvl)- 
malonate, b.j). 2.30-23.5°. is 113g. (4(>°„). If the lower-boiling fractions 
atx' realkylatetl. the yield of diethyl ethyl(isoproj)yl)malonatr may he 
raised to 75'’,'.. 
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diethyl ethyl(isopropyl)malonate, collected at 112-115°/18 mm., amounts 
to 150 g. (65%). 

Diethyl Isopropyl(formamido)nialonate.^'*® Diethyl formami 
nmlonate”2 (11.5 g., 0.056 mole) is added in small portions to 1.44 g. 
(0.06 mole) of sodium hydride in 25 g. of anhydrous dimethylformamide. 
After the mixture has been allowed to stand for thirty minutes it is filtere 
and the filtrate is treated with 12.3 g. (0.10 mole) of isopropyl bromide. 
The resulting mixture is boded under reflux for two hours, and then most 
of the solvent is removed by distillation under reduced pressure. The 
residue is mixed with 125 ml. of water and allowed to stand in an ice bath 
until the oil that initiady separates has sohdified. The crude product is 
collected on a filter, washed with water, dried, and recrystalUzed from an 
ether-petroleum ether mixture. The yield of diethyl isopropyl(forma- 
mido)malonate, m.p. 67-73°, is 6.95 g. (50%). An additional recrystal- 
lization raises the melting point to 73.5-74°. 

Diethyl 1,1-Cyclobutanedicarboxylate.®’® A solution of sodium 
ethoxide is prepared by the addition of 23 g. (1 gram atom) of sodium to 
500 ml. of absolute ethanol contained in a three-necked flask equipped with 
a mechanical stirrer, a reflux condenser, and a long-stemmed dropping 
funnel. A 200-ml. portion of the solution is drawn into the dropping 
funnel with suction, and the dropping funnel is attached to the top of the 
reflux condenser. Diethyl malonate (96 g., 0.6 mole) is then added to the 
flask, and the mixture is heated to boiling with stirring. Over a period of 
one hour the sodium ethoxide solution and 101 g. (0.5 mole) of tri- 
methylenebromide are added concurrently to the boiling reaction mixture. 
After the addition is complete the mixture is boiled under reflux with 
stirring for ninety minutes, and then about 400 ml. of ethanol is distilled 
from the reaction mixture. The residue is mixed with water and extracted 
V ith three portions of benzene. After the benzene has been distilled from 
the extract the residue is distilled under reduced pressure. The diethyl 
1,1-cyclobutanedicarboxylate, collected at 105-112°/15 mm., amounts to 
60-65 g. (60-67%). 

Ethyl a-Ethyl-a-methylvalerate.«8 Ethyl a-methylbutyrate (23.5 g., 
0.18 mole) is added to an ethereal solution containing 0.18 mole of sodium 
triphcnylmethide. After the reaction mixture has been shaken for five 
minutes, 30. i g. (O.IS mole) of jj-propyl iodide is added, and the reaction 
flask is stoppered, shaken, and allowed to stand overnight. The ethereal 
solution is washed with 200 ml. of water and dried, first over sodium 
sulfate and then over anhydrous calcium sulfate (“Drierite”). After the 
ether has been removed, the residue is distilled and the crude ester is 

Galftt, J. ^tm, Chfm. Soc., 69» 9C5 (1947). 

C«*on find Alien, J. Ory. Chtm., 14, 103C (1949). 
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of ethyl ?i-butylcj'anoacet.ate. After the mixture has been stirred for 
five minutes, 73.8 g. (0.6 mole) of isopropyl bromide is added during a 
period of two minutes. The mixture is boiled under reflux with stirring 
for three hours, and then about 200 ml. of ethanol is distilled from the 
mixture under reduced pressure. The residue is diluted with 3 volumes 
of water, acidified by addition of a few drops of hydrochloric acid, and 
extracted with three portions of benzene. The combined benzene extracts 
are washed with water and distilled. The crude ester, b.p. 113-115°/6 mm., 
is shaken with 160 ml. of 5% aqueous sodium hydroxide for one and one- 
half hours to hj'drolyze any unchanged monoalkyl ester present. The 
ester is extracted with ether, and the extract is washed with water, diluted 
with benzene, and distilled. The pure ethyl 7i-butjd(isopropyl)cyano- 
acetate is collected at 115-11677 mm., 1.4327, yield 91.5 g. (870/0)- 
a-Cyclohexylphenylacetonitrile.®’® This Organic Syntheses procedure 
illustrates the alkylation of a mononitrile in the presence of sodium amide. 
The reaction of a suspension in toluene of the sodium enolate of phenyl- 
acetonitrile (prepared in liquid ammonia from 0.35 mole of phenylaceto- 
nitrile and 0.35 mole of sodium amide) with 0.40 mole of cyclohexyl 
bromide produces a-cyclohexylphenylacetonitrile in 65-77% yield. 


TABULAR SURVEY OF THE ALKYLATION OF 
ESTERS AND NITRILES 

The compounds listed in Tables I to XV have been aiTanged according 
to t le nature of the active methylene compound. Malonic esters precede 
cyanoacctic esters, which in turn are followed by monocarboxyUc esters 
an mononitriles. In Tables XVI to XX are surveyed several alternative 
me lods of alkylation. Within each table the compounds are listed in 
*^1° number of carbon atoms, monoalkjd derivatives 

p c mg ialkjl cleri\ativcs. Among the monoalkyl derivatives acyclic 
nn 1 first, followed in turn bj' saturated carbocyclic, aromatic. 

Ini- 1 substituents. The straight-chain alkyl derivatives 

h'eimr before branched-chain derivatives, the latter groups 

fnllnu- M %°f'ucreased branching; the unsaturated substituents 

snnllr...* ‘ precede bicyclic derivatives, the isomers with the 

found lie u "•''js being listed first. O.xj-gen heterocycles udll be 
hctcrocvclcr 7 sulfur. Next are listed the nitrogen 
atoms ' ' ’ ° Jy substituents containing two or more hetcro 

incrc.winc'mm?!^ "geuts employed liave also been arranged in the order of 

with' the Z " ''Vithin a group of alkvlating agents 

■tU be ..ame number of carbon atoms the order of a;rangement is 

„n,, Cop.. Or,. 25 . 2 ., (,045). 
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chlorides, bromides, iodides, nnsaturnted lialides, carbonates, sulfates, 
sulfonates, dihalides, and epoxides. Ethers have been placed just after 
their hydrocarbon analogs. For example, ?!-C 3 n 70 (CH 2 ) 3 Br would 
follow 7!-C(.Hj3Br, and 7 )-mcthox 3 'benzyl bromide would follow ^j-methjd- 
benzjd bromide. 

In those reactions ^\•here more than one reference is cited the experi- 
mental data arc taken from the first reference, the remaining references 
being arranged in numerical order. Wiere two figures arc listed in the 
column headed “Yield” the first figure refers to the actual j’icld or con- 
version, and the second, enclosed in parentheses, is based on the amount 
of starting material consumed. In cases listed in the tables in which a 
compound resulting from hj'drolj'sis, decarboxjdation, or some other 
transformation was isolated rather than the initial alkjdation product, 
the formula of the product actuall 3 ’' isolated is listed and the yield cited 
is the 3 'ield of that compound. The literature has been reviewed through 
1952 with the occasional inclusion of more recent work. 

Because of the e.xtent of the literature on alk 3 dation and comp]exit 3 ' of 
searching this literature b 3 ' subject, there are undoubtedly man 3 f examples 
of alk 3 dation that were not found. To avoid confusion in the nomen- 
clature of disubstituted active meth 3 dene compounds with unlike sub- 
stituents attached to the same carbon atom one of the groups is enclosed 
in parentheses. For example the ester C2H5C(C3H5)(C02C2H5)2 would be 
named dieth 3 d ethyl(phen 3 d)malonnte. 


AmCVI-ATION of ^IaI.ONIC KSTintS, CIl2(C.02R)2 
{Tho tlit'thyl osier wan usotl unless olhorwiso spooificfl.) 

Yicitl, 
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TABLE I — Continued 

Alkylation of Malonic Esters, CH2(C02B-)2 
(Tho diethyl ester was used unless otherwise specified.) 

Yield, 
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t This halide was probably a mixture of isomers. 
t The lialogen was not .specified. 
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Woie; Heferences 577-1080 are on pp. 322-331. 

* The halogen was not specified. 

tt The lactone CH^CIICHaCHCOgCgHs was used as the ester to be alkylated. 
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Note; References 577-1080 are on pp. 322-331. 
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Note: References 577-1080 are on pp. 322-331. 
• The structure of the product is uncertain. 
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TABLE VI — Continued 

ALKYLATION OF Cyanoacetic Estebs, CIL(CN)C0,R 
(Tho ethyl ester wns used unless otherwise spoc.fiec .) 
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INTRODUCTION 

The action of halogens tvith dry metallic salts, particularly silver salts 
of carboxylic acids has merited earlier reviews.i-^" It has been pointed 
out that the halogen used, the ratio of silver salt to halogen, and the 
presence or absence of other active materials, such as olefins, acetylenes, 
or readUy substituted aromatic rings play a large part in determining the 

* Kleinberg, Chcm. Revs., 40, 381 (1947). 

= StanSk, Chem. Lisly, 47, 1244 (1953). 

Johnson and Ingham, Chem. Revs., 56, 219 (1956). 
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co^e of the reactions. Thus, it is possible to produce ^ orgamc 
hahdes containing one less carbon atom than the original acid, 

(B1 esters, RCO,!!., derived from two molecules of the acid by loss o o 
molecule of carbon dioxide; (C) esters of 1,2-diols or of halohy^ms, 
(D) halogenated aromatic compounds; and (E) halogenated ace y enes. 
These reactions may be represented by the following general equations. 


(A) 

(B) 

(AB) 

(C) RCOjAg - 
2RC02Ag 


RCOaAg + Xj - 
2RC02Ag + X 2 • 
3RC02Ag + 2 X 2 
X2 + R'CH=CHR'' 

- X2 + R'CH=CHR" 


► RX + CO2 + AgX 

^ RCO 2 R + CO 2 + 2AgX 
^ RCO 2 R + RX + 2 CO 2 + 3AgX 

> R'CH(OCOR)CHXR" + AgX 
^ R'CH(0C0R)CH(0C0R)R" 

4- 2AeX 


(D) RC 02 Ag + X2 + ArH RCO2H + ArX + AgX 

ArC 02 Ag + X2 -> X— Ar — CO2H + AgX 

(E) RCOaAg + X2 + R'C^CH R'CsCX + RCO2H + AgX 

The reaction represented by A in which the molar silver salt-halogen 
ratio is 1 ; 1, is due chiefly to Hunsdiecker;®~^ it makes available a variety 
of compounds that are prepared only with difficulty by other procedures. 
Reaction B is generally known as the Simonini reaction;®>’ it is carried out 
with a 2 ; 1 molar ratio of silver salt to halogen (iodine only). Reaction 
AB, discovered by Oldham and Ubbelohde,® makes use of a 3 ; 2 molar 
ratio of reactants. Reactions C and E are usually attributed to Prevost. 
Reaction D proceeds only in the presence of a phenyl group (Ar) which 
rmdergoes electrophilic substitution readity,^®"’^® or when R is of such a 
nature that the RCO^ ion is a very weak base, such as OF 3CO2 


= Hunsdieckcr, Hunsdiecker, and Vogt, U.S. pat. 2,176,181 (1939) [C. A., 34, 1685 (1940)]. 
t Hunsdiecker and Hunsdiecker, Ber., 75, 291 (1942). 

5 Hunsdiecker, Hunsdiecker, and Vogt, Ger. pat. 730,410 (1942) [C. A., 38, 374 (1944)]. 

6 Simonini, Monatsh., 13, 320 (1892). 

■ Simonini, Monatsh., 14, 81 (1893). 

« Oldham and Ubbelohde, J. Chem. Soc., 1941, 368, 

9 Prevost, Compt. rend., 198, 1129 (1933). 

>9 Prevost, Compt. rend., 197, 1661 (1933), 
ti Prevost and Lutz, Compt, rend., 198, 2264 (1934). 

1 = Provost, Compt, rend., 200, 942 (1935). 

» Prevost and Wiemann, Compt. rend., 204, 700 (1937). 
t* Prevost and Wiemann, Compt. rend., 204, 989 (1937). 

19 Bimbaum and Reinherz, Ber., 15, 456 (1882). 

>« Barnes and Prochaska, J. .im. Chem. Soc., 72, 3188 (1950). 

>• Dauben and Tilles, J. .4m. Chem. Soc., 72, 3185 (1950). 

'« Tapa, Schwenk, and Klingsberg, J. Am. Chem. Soc., 72, 2623 (1950). 
i» Haszcldine and Sharp, J. Chem. Soc,, 1952, 993. 
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Acms 


.• 13 ,'; 


NATHKK or Tin: ki;action-,s 

It is well estal.li.hod that, (he primary produet of the reaetio,, 
lietweeii n dry .-silver ,‘^alt of a carhoxvlie 


arid and halo;,'eii is an aevl 


Iiypohalite. 

HCOjAi: -i- X; -- KC(UX Af;X 

Thermrd eleavage of this intermediate residts m (he formation of an alhvl 
ImlKio with loss of carhon dioxide, and this is the basis of reaction A. 

KC-()„X - nx -!• CO,_, 

Intensive evidence favor.s a mechanism with the free radical Jl- as an 
infcrmediatc in the conversion of lU’OJJr to ItBr. First the reaction 
of optically active .silver salts with hromine or of the intermediate acyl 
Apobromites I and II under a variety of conditions loads (o totally 
raccmiml bromides III and Although the alkyl bromide, if it had 

aHsCHtCII^ICO^Br a-Call.CIKCJIjICXIJir 

t " ' U~ ‘ 

CjH.CHtCHjlHr a.C3H-CH(C„]l5)Br 

III ■ ' ly" 

JCon obtained optically active in the.se reactions, woidcl have been raco- 
nnzed .slowly In- the .silver bromide present, it was shown by control 
experiments that such racemization is too slow to account for most of the 
io.ss of optical activity observed during the reaction of the silver salt witJi 
bromine. The reactions of optically' active silver salts with bromine Jiad 
pre\dously been reported to yield optically inactive bromides, | 
significance of the results remained in doubt since it was not shown at that 
time that the lo-ss in activity was not entirelj- due to racemization of the 
bromide by silver bromide. 

It should be mentioned that silver (+)-a-phen3dpropionat(. 
reported to react uith broniine in c.arbon tetrachloride to yield lilicnotli yl 
bromide with 43% of the optical actiidty retained.”'^ It has been sliowii 
however, that (-f )-pheneth.yl bromide, when boiled with silver broiaido' 
in carbon tetrachloride under conditions of the reaction of the silvar )ia|( 
■w-ith bromine, is essentiallj' completely racemized.28>2» Tin's 

-0 Bockemullor and Hoffmann, ^nn., 519, 165 (1935). 

Btrckenbach, Goubeau, and Berninger, Bcr,, 86, 1339 (1932). 

Uachakov and Chistov, J3er., 68, 824 (1935). 

^ Winstein and Bcrr, Unpublished -work; C. E. Borr, Ph.D. Thohin, ■ 

California, Los Angeles, 19.52; W’instoin, Bull sac. chim. France, [5] 18, 70(; 

Arnold and ]\Iorgan, J. Am. Chem. Soc., 70, 4248 (1948). 

25 Heintzelcr, Ann., 569, 102 (1950). 

26 Bell and Smyth, J. Chern. Soc., 1949, 2372, 

27 Arcus, Campbell and Kenyon, Nature, 163, 287 (1949); J. Chem. Soc., iQ^a 

28 Abbott and Arcus, J . Chem. Soc., 1952, 3195. * 

28 Arcus and Boyd, J. Chem. Soc., 1951, 1680. 
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indicate that the substance responsible for the optical activity observed 
in the product of the silver salt reaction was not phencthyl bromide. 
This conclusion has been strengthened by the failure of several invc.sti- 
gators-^.-s.^o isolate any phencthyl bromide from the reaction of silver 
a-phenylpropionatc with bromine in carbon tetrachloride. A report- 
that silver (-f )- 2 -ethylhexanoatc with bromine gives {+).3-bromohcptanc 
requires further investigation. 

That it is the intermediate R-, rather than R+ or which is respon- 

sible for the observed loss of activity during reaction ha.s been supported by 
evidence from several sources. Thus, reactions that might have been 
expected to lead to the ncopcntyl earbonium ion invariably lead to 
products derived from its rearrangement product, the /-amyl carboniiiin 
ion.^- Silver (-butj’lacetate, however, reacts with bromine to yield 
neopentyl bromide with no dctcctildc amount of /-amyl bromide." 
Similarly, reactions that might be expected to jirocccd by way of the 
cyclobutyl earbonium ion lead to mixtures of cyclobiityl, cyolojiropj!- 
carbinyl, and allylcarbinyl prodiicts.^^ The reaction of silver cyclo- 
butanecarboxylate with bromine, however, yields cyclobiityl bromide 
accompanied by only a very small amount of rearranged products.^” 

While the neopentyl radical, (CH3)3CCH2% does not rearrange under 
conditions used to prepare it, the neophyl radical, Cr,H5C(CH3)2CH.2', has 
been shown to rearrange in part to the more stable tertiary radical, 
(CH3)2CCH2 CbH 5.^“ Examination of the reaction of the acyl hypobromito 
V has indicated that some of the tertiary bromide was formed by 

CeH3C(CH3)2CH2C02Br BrC(CH3)2CH„C3H5 

V VI 

rearrangement in addition to the unrearranged product."® A control 
experiment showed that the unrearranged product, neophjd bromide, was 
stable toward the reaction conditions. 

Additional evidence for the radical intermediate is provided by a stud}' 
of the reaction of the silver salt of apocamphane-l-carbox3'lic acid.®' 
Reactions proceeding by way of the apocamphyl earbonium ion have been 

Cason, Kalm, and Mills, J. Org. Chem., 18, 1670 (1953). 

3'^ Conapare Eottenberg, Experientia, 7, 432, (1951) [C. A., 46, 4336 (1952)]. 

3- Ingold, Slrwclure and Mechanism in Organic Chemistry, pp. 485-486, Cornell University 
Press, Ithaca, New York. 1953. 

33 Smith and Hull, J. Am. Chem. Soc., 72, 3309 (1950). 

34 Roberts and Mazur, J. Am. Chem. Soc., 73, 2509 (1951). 

35 Cason and Way, J. Org. Chem., 14, 32 (1949); Roberts and Chambers, .7. -Im. Chem. 
Soc., 73, 5039 (1951); Buchman and Conly, ibid., 75, 1990 (1953). 

CO Kharasch, J. Am. Chem. Soc., 66, 1438 (1944); IVinstcin and Seiibold, ibid., 

69, 2916 (1947); Urry and Nicolaides, ibid., 74, 5162 (1952). 

33 Wilder and W'inston, J. Am. Chem. Soc., 75, 5370 (1953). 
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s lown to be very imicli slo^^’e^ tlian their counterparts in acyclic sj'stems.^® 
n the other hand, there is no such retardation when the apocamphyl 
radical is involved.^s It was found, in fact, that silver apocaniphane-1- 
carhoxylate reacts readily with hroniinc in boiling petroleum ether to 
yield 1-hromoapocamphane in 50% jdeld, ivitli no evidence of any 
retardation in rate by the bicyclic sj-^stem. The reaction in carbon 
tetrachloride was accompanied by the formation of a chlorine-containine 
bj^-product.^" 

Other observations which are suggestive of a free-radical chain mechanism 
aie side-chain bromination of toluene,*® the indication that there is an 
uiduction period when the reaction is carried out at low temperatures,"*® 
and an acceleration of the reaction by liglit.^o 
The most probable mechanism would appear to be the following.^* 


Initiation RCOjBr RCO,- -f Bi- 

Propagation RCOg- R- -f COj 

R- -f- RCOoBr ^ RBr + RCOg- 
Termination 2R- R — ^R or RH -f olefin 

RCOj- + R- RCOjR 

Another piece of evidence consistent with this pictxu-e is the follotving. 
The reaction of silver benzoate with bromine in carbon tetrachloride gives 
53% of bromobenzene, 5% of chlorobenzene, and 6.7% of bromotrichloro- 
uiethane. These products are readily explained if, superimposed on the 
sequence of reactions above, there is reaction of the phenyl radical ivith 
carbon tetrachloride as shown below.*®>*’’* 


CgHj- + CICCI3 CgHgCl + -CCIg 

•CCI3 + BrOgCCgHg BrCClg + -OgCCeHs 
(or BrBr) (or BrO 

Bartlett and Xnox, t/. Am. Chem. Soc.t 81, 3184 (1939). 

Kharasch, Engelmann, and Urr3', J. Am. Chem. Soc.f 65, 2428 (1943). 

Conly, J. Am. Chem. Soc.f 75, 1148 (1953). 

■'t Compare Price, Mechanisms of Reactions at Carbon-Carbon Doable Bonds, p. 55, Inter- 
science Publishers, New York, 1946. 

* Wiberg and Shryne,'”" on the basis of the report that silver (-f )-2-ethy]hexanoate with 
bromine gives (-(-)-3-bromoheptane,2s suggested that the mechanism is a 1,3-intramoIecular 
shift involving an electron-deficient group in the transition state— a mechanism first proposed 
by Rottenberg.si Since the reported retention of optical activity in this reaction is in 
contradiction with the reports of racemization described on p. 335, caution must he exercised 
■until confirmation is available. 

““ Wiberg and Shryne, J. Am. Chem. Soc., 77, 2774 (1965). 
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When the silver salt of a carboxylic acid reacts with iodine in a 2 : 1 
molar ratio, the primarily formed acyl h>-poiodite coordinates M'lth the 
excess silver salt to form a complex.'^’ ‘d- hlany such complexes can he 

2RCO„Ag + I„ -> RCO,! + RCO„Ag + AgT 
RCOgAg + RCO,! -> RCOjAg • RCOjI 

isolated. With others, however, the difference between the temperatures 
of formation and decomposition is too small to permit isolation. The 
thermal cleavage of the complex to give an ester is the basis of reaetion B 
(Simonini reaction). 

RCOoAg-RCO^I -- RCO.R + CO, Agl 

It is not clear what role, if any, the complex formation plays in the 
reaction, which appears to be composed of two parts. Available evidence 
suggests that the first stage, a reaction of the silver salt with iodine to give 
carbon dioxide and alkyl iodide, is closely related to the Hunsdiecker 
reaction discussed above. The second stage is an ionic reaction of the 
alkjd iodide thus formed with a second molecule of silver salt.*“ Tliis 


RCOoAg + ^ RCOjI + Agl 

RCOoI — RI + CO„ 

RI + RCOjAg -V RCOjR + Agl 

view is consistent with the fact that in the reaction of such substances 
as silver cyclobutanecarboxylate ‘*<.‘>8 a typical carbonium ion rearrange- 
ment occurs in the alcohol portion of the ester formed. The products are 
cyclobutj'l, c5’clopropylcarbinyl, and alljdcarbinjd cj'clobutanecarboxy- 
lates in yields of 32, 65, and 3%, respective!}’'. 


C^H^CO^Ag + I, CjH,I + CO, -f Agl 
. C^H,! + AgOaCC^H, -> C^H^OjCC^H^ + C3H5CH202CC4H7 

+ CH„=CHCH2CH202CC4H7 

Railui-e to observe the formation of triphenylmethyl peroxide when 
silver triphenylacetate is treated rvith iodine in the presence of air has 
been mterpreted as evidence that the triphenylmethyl radical is not an 
mtermediate.'is Such an argument is valid, however, only if it can be 

Heiduschka and Rippor, Ber., 56, 1736 (1923). 

Bimbaum and Gaier, Bcr., 13, 1270 (1880) 

Domjanov and Dojarenko, Ber., 40, 2594 (1907) 

“ Gascard, Compt. rend., 153, 1484 (1911). 

“ Gascard, ^nn. Mm. (Paris), [9] 15, 332 (1921) 

Panics, Monaish., 15, 10 (1894). 

Bimbaum, Ann., 152, 111 (1869). 

IS Roberts and Simons, J. ^m. CAem. Soc. 73 5487 /19511 

Wieland and Fischer, ^,m., 446, 49 (1925-26) 
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shown that the reaction of the triphenylmethyl radical with oxygen under 
the conditions employed is faster than its reaction with iodine. 

While the Hunsdiecker and Simonini reactions produce halides and 
esters respectively, the reaction represented by AB gives rise to both of 
these products. The iodine triacyl postulated as an intermediate can be 
isolated when R is a long-chain alk3d group. Formed by the action of 2 
moles of iodine on 3 moles of the silver salt as indicated below, such com- 
pounds decompose thermally to yield both alkyl halide and ester, s In the 
SRCOoAg -1- 21, -> I(0C0R)3 + 3AgI 

I(0C0R)3 RCOjR + RI + 2 CO 2 

piesence of excess iodine, the iodine triacyl decomposes to give a high 
jneld of alkyl iodide. 

I(0C0R)3 + I2 3RI -f 3CO2 

Water decomposes the triacjd to yield iodine and iodic acid. 

I(0C0R)3 + 3 H 2 O I(0H)3 + 3 RCO 2 H 

6I(0H)3 3HIO3 +I2+ 6H2O 

This, and the fact that triacjds such as iodine tris(trichloromethylacetate) 
conduct electricity with the iodine migrating toward the cathode, indicates 
the positive nature of the iodine in such materials.®" 

Nothing is knoivn of the mechanism of these reactions. It seems likely, 
however, that they are radical chain reactions initiated by the dissociation 
of the iodine triacyl to acyl hypoiodite and acyloxy radicals.® It is 
entirely reasonable that those acyloxy radicals that lose carbon dioxide 
I(OCOR)3 lOCOR -f 2RC02- 

give alkyl radicals that react with iodine triacyl as shovm below. A fuller 
RCOj- R- rcOjR lOCOR -f RCOa- 

understanding of the mechanism must await further investigation. 

In the presence of ethylenic compounds the primarily formed acyl 
hypohalite adds to the double bond to form a haloester. 

RCO 2 X -f- R'CH=CHR' B'CH(0C0R)CHXR" 

This is the basis of reaction C. The Simonini complex undergoes a similar 
reaction to yield first the ester of an iodohydrin and, finally, a diester 
Presumably the complex dissociates, the acyl hypoiodite adds to the 
double bond, and the iodine is replaced by the molecule of silver salt 
formed by dissociation of the complex.^" 

RCOgl-RCOgAg -> RCOgl -f BCOgAg 
RCO 2 I -f R'CH=CHR' B'CHIOCORICHIR" 

B'CH(0C0B)CHIB' -f BCOjAg B'CH(OCOB)CH(OCOR)R- 

Fichter and Stern, HeJv. Chim. Acta, 11, 1256 (1928). 
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The products of the reaction suggest an ionic mechanism. Evidence 
that might be considered support for sueh a meclianism arises from the 
following fact: Silver {+) or ( — )-2-ethylhexanoate when treated with 
bromme in carbon tetrachloride yields acyl hj'pohalites which add to 
styrene to give (+) or (— )- 2 -broino-l-phenethyl- 2 -ethylhexnnoate, which 
on hydrolysis with alkali yields (+) or ( — )-2-cthylhexanoic acid in which 
a substantial percentage of the optical activity of the original acid is 
retained.^! However, this reaction does not involve the asymmetric 
carbon atom and is not, therefore diagnostic as to mechanism. The 
partial raceinization presumably occurs during hydrolysis, for it has been 
shown that racemization of such esters can accompany hydrolysis. 

Substitution of halogen in the benzene nucleus, as represented by 
reaction ID, occurs most readily when R is the trifluoromethyl group.^"’^"’^^ 
However, if the arjd gi'oup is activated sufficiently to electrophilic attack, 
substitution may oociu’ when R is methyl. The substituted products 
obtained are those expected through halogenation by an entity which 
carries a positive charge. Thus ortho and para substitution occur in 
compounds containing groups luiown to activate the aromatic nucleus to 
electrophilic attack, whereas substitution fails or occurs in the inela 
position when the substituent deactivates the nucleus. On this basis, 
the fission of the acjd hj'pohalite woidd be expected to proceed by an 
ionic mechanism. Thus, either the acyl hj^iohalite itself or X+ formed 
by its dissociation can serve as the halogenating agent. 

RCOjX + CjHb - CgHjX + H+ + RCOr 


or 


RCOoX -> RCOr + X+ 
x+ + CgHg CeHjX + H+ 

Fission bj' a free-radical mechanism would necessitate halogenation by 
la o,^en atoms. When an alkyl side chain is present, substitution of the 
SI e c lain is the preferred reaction. However, the products of snch a 
pr^ess ha^ e not been found in any of the reactions studied. 

len t le acyl hj'pohalite is derived from an ordinary alkyl or aryl 
car 0 ^ 'c acid, it is a sufficient^ poor halogenating agent in the absence 
ot readily substituted aromatic rings to allow the free-radical dissociation 
o ove j decarboxylation (Hunsdiecker reaction) to predominate. 

OM ever, nuclear halogenation can be increased at the expense of the 
lec -er reaction either bj’^ adding a readily substituted aromatic 
compound such as veratrole“- or by using a more active acyl hypohalite 

r. 1952, 1515. 

» sZLtf ’3- 1362 (1951). 

«« Janssen, ■vanlunn'omnv i'^*’ ® r”"" 

anAUnn, and U .Ison, J. Org. Chem., 20, 1320 (1955). 
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as the halogenating agent. Trifluoroacet34 hypobromite shows little 
tendencj’- to undergo the Hunsdiecker decarboxylation at temperatures 
ordinarity employed with other acjd hj’pohalites. It is, therefore, 
particularly useful as a brominating agent.^®>®2 
The other phase of reaction D involves the presence of readily substituted 
aromatic rings in the silver salt and thus in the acyl hypohahte. Again, 
either the hypohahte itself or X+ formed by 'its dissociation acts as the 
halogenating agent. 



Substitution of halogen in acetylenes, as indicated by reaction E, 
probably occurs by a similar mechanism. 

RCOjX + R'C=CH -V R'CsCX + H+ + RCOf 
01’ RCOgX RCOJ + X+ 

X+ + R'C=CH R'C=CX + H+ 

SCOPE AND LIMITATIONS OF THE REACTIONS 

Thermal Cleavage of Acyl Hypohalites 
(Hunsdiecker Reaction) 

The thermal decomposition of acyl hypohahtes formed as intermediates 
in the halogen silver-salt reaction to produce compounds containing one 
carbon atom less than the original acid is perhaps the most important 
of the various silver salt-halogen reactions. The reaction is of general 
application in the aliphatic series, leading, with simple fatty acids of 2 to 
18 carbon atoms, to excellent j'ields of alkyl halides. 

RCOaAg -f Xg RX -b COo + AgX 

A substituent in the ahphatic chain in any position other than the 

** Liittringliniis and Schndo, Ser., 74, 1565 (1941). 

“ Mehta, Mehta, and Thosar, J. Indian Chem. Soc.. Ind. Ed., 3, 137 (1940). 

56 Borodine, 119, 121 (1801). 

57 Birnbaum, Ann., 152, HI (1869). 

58 Cason and Winans, J. Org. Chem., 15, 1-12 (1950). 
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a-position does not interfere with the reaction unless it is itself capable of 
reaction with the acyl hj’pohalite. Thus, silver salts of alkyl-substituted 
fatty acids yield primarj' halides as do acids carrjdng a cj'cloalkyl sub- 
stituent such as cj'clopentylacetic acid.® Simple halogen derivatives, 
such as silver y3-bromopropionate, yield dibromides. Polyhalogen 
compounds have been obtained from silver salts of polj’halogen acids; thus, 

silver 9, 10-dichloro6ctadecanoate yields l-bromo-8,9-dichloroheptadecane;® 

and 1,8,9,11,12-pentabromoheptadecane is obtained from silver 9,10,12,13- 
tetrabromooctadecanoate.®® When applied to acid esters, the reaction 
leads to co-halo esters. ‘*'®>®®“®® This is a useful reaction because co-halo 


ROaCiCHjj^COoAg + X, RO„C(CH„)„X -p COo -f AgX 

esters are not easily prepared by other procedures. Silver salts of acids 
in which there is an arjd substituent such as phenyp®’®® or deactivated 
phenyP® also give primary halides. If, however, the substituent is a 
phenyl group readily substituted by electrophilic agents, there is halogen- 
ation of the ring and formation of a free acid without loss of carbon dioxide. 
For example, silver (3-3-methoxyphenylpropionate when treated with 
bromine or iodine gives an excellent yield of ^-2-bromo-(or iodo-)5- 
methoxyphenylpropionic acid.*® Such complex substances as 3(a), 12(^)- 
diacetoxynordesoxycholanic acid (VII) and 3 (a), 12(/5)-diacetoxycholanic 


o 

CH30\=/ 


CHjCHgCOjAg 


Br„ 

(I,) 



/ \ 


Br (I) 


CHoCHjCOjH -f AgX 


CH30^=^ 



Allen an’cmvik Am. Chan. Soc., 74, 1109 (1952). 

“ Stoll Tnd R 

« Oldham, tc7Zst.ZTo: lilt’ 
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silver bromide, for 2-bromobicyclo[2.2.2]octane and silver bromide gi4e 
the same product. By operating at —10°, it has been possible to isolate 
the c.xpeetcd bromide as well as the rearranged product.®® 





CCI4 


Br 



<- 


AgBr 



Br 


Silver salts of simple carboxylic acids having a tertiary a-carbon atom, 
such as .silver trimethyl- and triphenyl-acetate, yield a variety of products 
^vben treated with bromine.®® However, the silver salts of the complex 
alieyelic acids, adamantancdicarboxylic acid (IX)®® and bicyclo[3.3.1]- 
nonan-!)-one-l -carboxylic acid (X)®* give the corresponding bromides 
in yields of 28 and 74%, respectively. These acids cannot be decar- 
boxylatcd directlj”, the silver salt-halogen reaction, therefore, serves as 
an intermediate step in the preparation of the parent hy'drocarbons. 


CHo 


-CH CH, 


HOX’C- 


-CH, 


t 0^2 

CIU-^CH- 


-CCO„H 

1 ■ 

-CH„ 


CHo— CHg— CHg 

CH — CO — CCOoH 

I 1 ■ 

CHo— CHj— CHg 


IX 


X 


riic reaction has been used successfidly as a preliminary step in the 
synthesis of cantharadin from the silver salt (XI) of the 2,3-dimethyl 
c.stcr of 2,3-dimethylcyclohcxanc-l,2,3,4-tctracarboxylic acid.®® Treat- 
ment of this silver salt with bromine in carbon tetrachloride residts in a 
l.ictonc XII. formed liy loss of methyl bromide from the primarily formed 
dibromide. Saponific.ation and pjToly'sis of the lactone gives a mixture 
of eantbaric acid (XIll) and cantharadin (XIV). (Formulas on p. 345.) 

\\ hen sub>tituonts other than alkyl or arj'l arc present in the a-position, 
the ilccarbn.x-ylation leads to a variety of products. The silver salts of 
a-b.do^en acids yield 1 ,1 -dihalogcnatcd hydrocarbons.®.*’® Many di-. 
In-, and letra-balogcnatcd methanes, exemplified by such substances as 
RCHXCO„.4i; -f X'„ RCHXX' -f CO„ -)- AgX' 

H-Cn . CHBrClI'. CBrjI, have been prepared by this reaction.®® Any 
ro.n lination of hydrogen and halogen may be prc.scnt in the silver salt, 
UU'R'CCO,,\g a. X„-> RU'K'CX -4- CO» -?- AcX 
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Sir, 

silver salts of acylatecl a-amino acids give halogen derivatives that can be 
isolated.** On hydroly.sis these products form the carbonyl derivative, 
amide, and hydrogen halide. 

RCHNII(COR')CO,Ab + Xj RCHBr(NHCOR') + CO„ + AgX 
RCHBr(NHCOR') + H„0 — RCHO + R'CONH, + HBr 

The silver salt of cthylmalonic acid, which may be considered an 
a-carboxy acid, gives a small yield of 1,1-dibromopropane together with 
some 1,1,1-tribromopropane; the tribromo derivative is presumabl} 
the result of some bromination before decarboxylation. The potassium 
salts of the clo.sely related alkyl a-carbethoxj’acetic acids yield a-bromo*" 
and a-ehloro*^ fatty acid esters. Again there is some halogenation before 


R'OXCHRCO.K -f X„ R'0„CHXR + CO, + KX 

decarboxylation. The best yields result from compounds of intermediate 
ebaitv lengtli (G-S carbon atoms). 

The silver salts of unsaturated acids have not been useful in this reaction. 
i.'il\(r methacrylate added to bromine in carbon tetrachloride at 0° gives 
a polymeric product. Silver allylacctate yields a bromolactone.« 
Because of the ea-^e with which acyl hypohalites add to the olefinic bond 
* r. ’a reaction would not be expected. However, silver 
vi('l!l''''''''^*'"' '‘**l>nc produce phcnyliodoacctylcne in excellent 

rn.itment of silver salts of or.,oj-dicarboxylic acids with halogen leads 

VI .n V ii* i'** ' Although this reaction is general, the 

■j- * ' P”***" "Pt* the lower members of the series. The 

rm i ion o a bromo compound from silver succinate and bromine was 
‘''f'.'- =** 18'0.« However, the yield is small even 
< blo-ui,.' added to a solution of bromine in carbon tetra- 
„ , i. 'i'''^ .itlutarate and various alkyl-substitntcd dcrivativc.s 

" .' / .Ktone, though a small amount of dihalide is formed.''^ 

•'i. I U/ R,( K,CG„,\i: ~ X, - CR„CR,CH,CO, -f- CO„ -k 2AgX 
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are obtained.sG Witlr silver adipate there is some lactone formation, 
but a substantial 3 deld of dibromide is obtained by the reverse addition 
procediu-e.®-* The higher members of the series give moderately good 
jdelds of dihalides. In the one instance in which a tricarboxy acid was 
used, the yield of trihalide was ver 3 ^ small. 

Effect of the Halogen Employed. Bromine is most generally used 
in the Hunsdiecker reaction. In the few instances in which chlorine has 
been employed the yields have been satisfactory.®-®--'^. "5.83,8? iodine 
V as normally used in a 1 : 2 molar ratio with the silver salts in the early work, 
and, consequently, the so-called Simonini ester was the main product. 
More recent work®" has shown that an iodine-to-silver ratio of 1:1 affords 
substantial yields of the iodide, though some ester is produced. In fact, 
the jneld of iodide rises, and that of the ester falls as the ratio of iodine to 
silver is graduall}-- increased from 1 : 2 to 1 : 1 . In the presence of excess 
iodine, the silver salts of the long-chain acids give good yields of the 
iodides.® Excellent j-ields of iodides have also been obtained from the 
silver salts of fluoro and perfluoro acids,’® but the use of iodine in the 
preparation of iodides by this reaction has not been investigated thorouglily. 

It may well serve as a method for producing alk}'! iodides as well as 
bromides. 

Effect of Temperature. The effect of temperature has not been 
studied systematically. From available reports, it appears that the 
optimum temperature depends upon the silver salt used. Bromobenzene, 
for example, is obtained in 80% yield when bromine is added to a sus- 
pension of silver benzoate in boiling carbon tetrachloride,®® but the yield 
IS insignificant when the reaction is carried out in the cold.®®-®^ Mehta 
and co-workers point out that carbon tetrachloride is a better solvent than 
chloroform for the reaction and indicate that its higher boiling point is 
responsible for the advantage.®’ They show that better yields of long- 
chain alkyl halides are obtained in boiling than in cold carbon tetrachloride. 

On the other hand, cyclobutyl bromide is obtained only when the reaction 
is run in carbon tetrachloride below —20°.®® In some instances, operation 
at a low temperature is necessary because of the instability of the silver 
salts. The silver salts of a-bromovaleric acid, /?-bromopropionic acid, 
cc-bromobutyric acid, and (5-bromovaleric acid, for example, are stable at 
0 but not at room temperature. Silver ^-bromopropionate changes into 
^-propiolactone on drying in a desiccator at room temperatm’e.^® 
Nevertheless, these silver salts imdergo the Hunsdiecker reaction at 0° to 
give fairly good yields of the corresponding bromides. 

Effect of Solvent. Carbon tetrachloride is probably the best general 


Hauptschein, Stokes, and Grosso, J. Am. Chem. Soc., 74, 848 (1952). 

8’ Mehta, Jlohta, and Tliosar, J. Indian Chem. Soc.. Ind. Ed., 3, 166 (1940). 
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solvent for the reaction, although there are isolated instances in ^\hich 
other solvents produce better results. The production of n-propyl 
hroniide from silver butjTatc, for example, is carried out in nitrobenzene, 
if carbon tetrachloride is used, separation of the n-propyl bromide from 
the solvent is difficult because the two materials have approximately the 
same l)oiling point.-'' Experiments carried out by Oldham and Ubbelohde 
have shown that good yields of imdecyl iodide can be obtained in benzene 
(72-80%), carbon tetrachloride (70-78%), or petroleum ether (51-65%).® 
In tile few instances recorded in which the silver salt was used in carbon 
disulfide, the yields were low.-" Though Cason and Way prepared cyclobutyl 
bromide by operating in carbon tetrachloride at a low temperature, 
the same halide has also been made by treatment of the merciuic salt of 
the acid with bromine in carbon disulfide." Dichlorodifluoromethane has 
been used successfully as a solvent in the preparation of cyclopropyl 
bromide'’ and ethyl 4-bromobicyclo[2.2.2]octane-l-carboxylate.®® Tetra- 
chlorocthane was also used as a solvent in the former reaction, but 
the yield was poor. Chloroform,"*’® ether,"'’®*' ethyl bromide,®"’®®'* and tri- 
chloroethylene®"' have also been used. In trichloroethjdene a simprisingly 
good yield of methyl w-bromopcntadecanoate was obtained from the 
rc(iuisitc acid ester. Treatment of the silver salts of perfluoro acids with 
halogens is itsually carried out without a solvent,"*'’”-’"-”’'® in one 


instance pcrfl\iorotributylamine has been used successfully.'® 

Salts of Other Metals. Though silver salts have been generally used 
in this reaction, other salts have also been employed with varying success. 
Of tho.'o, the mercurous and mercuric .salts have given the best results." " 
riialliuni s.alts ha%'e also been satisfactorv." With some substituted 
m.ilonic acid half.e.stcr.s, the potassium salts have been used with yields 
' ar\ ing from 2.5 to 80%.®’’®’ The yields arc highest when the substituent 
i"* ii.bnt\l, 7i. hexyl, benzyl, or cyclohcxyl and drop off rapidly when the 
numlfcr of cnrbon« in the substituent is increased or decreased. Tri- 
tbu.rf-.icetie .'uid gives jioorcr yields of trifluoromethyl iodide when the 
y-'biun, i>otassium. barium, mercury, or lead salt is employed in place of 
>1 . iK(r i-.'ilt. nie reaction is c.arried out in a steel autoclave at a high 


‘.-m;>-r.\tnre.’* 
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Since esters are usually secured more easily by other procedures, the 
reaction has little value as a synthetic method. It has been of primary 
interest in connection with the mechanism of formation and decomposition 
of the complex, and because of a useful synthesis in which the complex 
is used, viz., the Prevost reaction (see p. 350). 

Those silver salts that undergo the Hunsdiecker reaction readily also, in 
general, undergo the Simonini reaction. Only in the case of silver salts of 
saturated monocarboxylic acids is any difference discernible. The 
difference appears to be due to an ability of the primarily formed hypo- 
iodites to give complexes or coordination compounds with the silver salt, 
an ability that apparently is not shared to any great degree by the acyl 


RCOaAg + RCOgl RCOgAg ■ RCOgI 


hypobromites though a small quantity of ester is formed occasionally. 
Acyl hypoiodites also form stable coordination complexes with tertiary 
bases such as pyridine and a-picoline.®® 

In the dibasic acid series, the products obtained by the Simonini 
procedure are comparable to those obtained with bromine. Silver oxalate 
yields only carbon dioxide and silver halide. ^®’^® Silver malonate 
produces carbon dioxide, but no other product has been identified.^® 
Silver succinate regenerates succinic acid and forms a little maleic an- 
hydride, while silver glutarate and various substituted derivatives give 
y-lactones in fair yields (40%). The method has been suggested as a 
preparative procedure for y-lactones.®^~®® Similar products are obtained 
■'vith bromine.®® SUver adipate yields a small amount of polymerized 
d-valerolactone.^® The reaction Avith homologs higher than adipic acid 
has not been investigated. 

Unsaturated acids do not give clear-cut results. Although the inter- 
mediate complex is formed in many cases and carbon dioxide is lost in 
the decomposition, the only other products identified are the unchanged 
acid or its anhydride ^®’^® Hydroxy acids yield aldehydes or ketones. 
This reaction, first reported by Herzog and Leiser,®® proceeds as weU with 
bromine as with iodine.® Thus, formaldehyde is formed from glycolic 
acid, while mandelic acid yields benzaldehyde. 

In the aromatic series,' the reaction has no value. Silver benzoate 
gives a variety of products including ester, halide, and halogenated 
benzoic acid.« Silver phthalate leads to phthalic anhydride, whereas 
silver hexahydrophthalate gives no identifiable products. 


r,. -r-, . 1 VnndcrAVerf. C/jrm. iSoc., 71, 575 (1949). 

-^ingaro, Goodncli, Tvlcinborg, ond > b ^ 

Windaus and Klrmhardt, 64, «ftQ, no''") 

*2 AVindnus, Kliinhardt, and Rcvcrc^ , 

Goldschmidt and Griifinpor, Bct,, 68, 
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Thermal Cleavage of Iodine Triacyls 

A reaction somewhat similar to the Simonini reaction takes place when 
a silver salt and iodine react in a 3 : 2 molar ratio.® The product contains 
positive, trivalent iodine but no silver. It is presumably an iodine 
triacyl, which decomposes thermally’ to produce both ester and alkyl 

I(0C0R)3 RCOjR + RI + 2 CO 2 

halide. Heating in the presence of excess iodine gives the alky’l iodide 
only. 

1(0C0R)3 t I 2 3RI + 3 CO 2 


Addition Reactions of Acyl Hypohalites 
(Prevost Reaction) 

^ The intermediates formed in the Simonini and Hunsdiecker reactions, 
IiCO,Ag-RCO;I and RCO;X, respectively, will react with olefins, 
acetylenes, and sufficiently reactive phenyl groups. The addition to 
olefins was first reported by Birckenbach, Goubeau, and Berninger,^^ who 

iodine in ether solution, removed the silver 
UKhde h)rnicd. and treated the filtrate vith cyclohcxene. The acetate 
1 clohcxanol resulted. The same substance had been obtained 

. rune sonu. years earlier in a similar reaction with mercuric acetate, 


flljCOjAg s- I, 



(CjlIO.O 



OCOCH, 


■ Agl 


tii-iini ^.''■lohexene.'” However, the method has been developed 
revolt, >1.13, II reaction is generally’ known by' his 


\Vh..n fl' . ' preparation of 1 ,2-glycols. 

treeti-d ’ frofn silver benzoate and iodine is 

the ililM-lIzcutrof precipitates and 

.--glycol IS formed. Although the complex from 

J;A- ( cHif t);! RCH==CH3 RCHfOCOCgHslCHoOCOCgHs 

. A crT 
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Although benzoates are recommended, silver salts of acetic, 
propionic, and butyric acids^°>^^ have also been used, especially in the 
preparation of the halo esters. Indeed, the second phase of the reaction 
of an olefin with silver acetate and an equimolar amount of iodine in 
benzene solution is slow, and the diester is accompanied by iodo acetates 
which are difficult to remove.^® 

The reaction also proceeds with silver salts of dicarboxylic acids. 
Thus, silver succinate, iodine, and cyclohexene in ether solution give 
di-2-iodocyclohexy] succinate. A small quantity of polymeric diester 


CH^CO^Ag /=\ CH^CO^CeHioI-o 

CHaCO^Ag \ / CH^COgCeHioI-o 

(^10^1404)11 is formed simultaneously. Silver salts of oxalic and phthalic 
acids and even silver carbonate undergo similar reactions.®® 

Silver 3,5-dinitrobenzoate has been suggested as a reagent for identi- 
fication of olefins. Simple olefins bice ethylene and propylene give the 
3,5-dinitrobenzoate of the iodohydrin when treated with equimolar 
amounts of iodine and sDver 3,5-dinitrobenzoate.®® When irnsjunraetrical 


S.S-fNOglaCgHjCOgAg -f + RCH=CHR' 

RCHICHCOCOCgHjfNOjlalR' + Agl 


olefins are used, the halogen appears exclusively on the less highly 
substituted carbon atom. This mode of addition, however, is not general, 
for preformed hypohahtes from acetic, butyric, and benzoic acids add to 
allyl halides to give good yields of 2,3-dihalogenated propjd esters.®®. 

Bromine or chlorine can be used in place of iodine.^Lza.si With these 
halogens, however, it is advantageous to carry out the reaction in carbon 
tetraeliloride rather than benzene, to avoid the undesirable side reaction 


with the latter solvent which leads to the formation of phenyl benzoate.^^ 
In the absence of detail in Prevost’s papers, one is inclined to favor carbon 
tetraeliloride as a solvent for all of the halogens. Howe\er, benzene 
has been used successfully by other experimenters. 

Studies on the addition of the complex from silver benzoate and iodine 
to butadiene have shown that the primary addition is mainly 1:_. 
Fractionation of the glycols obtained from the action of a finnted quant ity 
of the complex with butadiene gave 80% 1,2-glycol and 4 /o l ,4-glycol 

The reaction has been applied to the mixture of monohydric plienols 


Birckcnbach, Goubeau, and Kolb, Her.f 6/, r/rtu 1" nO'i'’) 

» Halpcrin, Donahoc, Kleinber^. and Vand.rWorf, y. Or^. CA.m. 1., ..3 (19..). 

Edwards and Hodges, J, Chetn- Sor., 1954, 

** Hershberg. //cb\ C/a'm. Actu.t 17 * 3 *** ,,,5101 

** Kiomann and IVagner, J. Onj. Chem.^ 




halogens with silver salts of carboxylic acids 353 

on the silver salts of the unhalogenated acidsA® Silver /9-(j9-nitrophenyl)- 
propionate, however, gives ^i-nitrophenethyl bromide in excellent yieldd® 

0^^'vZ3^C^^CH2CO2Ag + Erg ^CHaCHgBr + COg + AgBr 

Although the method has httle practical v alue for reasons that will app ear 
elov , it has been used to prepare a series of halogenated alkoxyphenyl 
fatty acids of the general formula^® 


Ic 

The preparation of the silver salt of the acid to be halogenated is 
unnecessary. It is sufficient to use dry silver acetate in combination with 
the halogen; the acyl hypohalite first fornied is the active halogenating 
figent.^’A8 reaction is carried out in acetic acid or carbon tetra- 

chloride. It proceeds as indicated only when a phenyl group active 

-b CHgCOsAg -f Xg 



,X 

'(CH2)„C02H -f AgX -f CHgCOjH 


toward electrophilic substitution is present. It is, therefore, quite 
limited in application. The method is preferred to the mercuric acetate- 
iodine procedure because of the difficidty of removing mercuric iodide 
from organic solvents in which it is soluble; silver iodide can be removed 
quantitatively by filtration. 

The silver salts of a variety of carboxylic acids react with iodine in the 
presence of benzene to yield, among other products, iodobenzene and/or 
the phen5d ester of the carboxylic acid.*®® The yield of iodobenzene is 
highest from silver o-nitrobenzoate. In the absence of benzene, however, 
this silver salt on treatment with bromine gives a 95% jfield of o-nitro- 
bromobenzene— the Hunsdiecker product. Benzene, therefore, is not a 
good solvent for reactions involving acyl h^^-pohalites because it enters 
into competition for the halogen. When the ac^’l hjpohalite undergoes 
the Hunsdiecker reaction sufficiently rapidly, benzene can be used as a 
solvent. Tills is the case when R is a long chain such as or 

The reaction between silver trifluoroacctatc and iodine to yield carbon 
dio.vide, silver iodide, and trifluoromethyl iodide does not occur appreciably 

JJirckcnhnch nnd Moiscnlioimcr, 69, 
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below 100°/‘ and silver trifluoroacetate-halogen is, therefore, a useful 
halogenating agent. Exeellent yields of bromo- and iodo-benzenes 
containing methyl, halogen, methoxyl, amino, dimethylamino, and 
carboxyl groups as substituents are obtained by this procedure. ’ 
Benzene is so deactivated, however, by the introduction of a nitro group 
that the normal Hunsdiecker product, CFgl, is produced in 75% yield 
when nitrobenzene is treated with silver trifluoroacetate and iodine. 

Normally no solvent is used in these reactions though carbon tetra- 
cldoride has been used sucoessfullj’^.®^ Nitrobenzene is often a suitable 
solvent. 

The halogen enters in the para position to the group already present m 
the benzene derivative if the latter normally directs to that position. 
Infrared analyses indicate that a small amount of the ortho isomer is 
usually present. Benzoic acid is halogenated in the meta position, and there 
is no indication of ortho or para halogenation. 

Although silver trifluoroacetate-halogen is not so powerful a halo- 
genating agent as silver perchlorate-halogen, it possesses certain specific 
advantages.** Trifluoroacetic acid, formed in the reaction, is volatile and 
is easily removed bj" distillation. The danger attending the use of silver 
perchlorate is avoided. Silver trifluoroacetate is more soluble in organic 
soKcnts than silver trichloroacetate, acetate, perchlorate, or sulfate.** 

It has been demonstrated that the Simonini complex from silver 
benzoate reacts with acetylenes to give excellent yields of iodoacetylenes. 
\\ ith phenj lacctylenc, the formation of phenjdiodoacetylene is quantitative 
and betizoic acid and silver benzoate have been isolated in quantities 
corresponding to the following equation.*^ Acetjdene itself reacts with 

( c'1;CO„Ak ■ CJIjCOjT -f CjH-C :sCH C^HgC ^CI -f CgHgCOgH 

-p CgHgCGoAg 

- < IK or tvo molecules of the complex to give iodo- and diiodo- 
acctylcne, re.spcctivelv.** 

i not ncce^.•-ar_\ to isolate the complex; addition of the acetylene 
th 1 f!” complex formed in benzene is satisfactory. However, 

^ ** diluent is not practical with chlorine or bromine 

> f .m-f. It t.akcs part in the reaction. Carbon tetrachloride is .satisfactory. 
Iir iti ' **'catmcnt of silver benzoate in carbon tetrachloride with 
viciii r ti* iodine followed by addition of 1-hept-vne gives good 

of the rc-iK-ctivc haloactAylene.s.** 

broil, i,„. ■ ^ fiimonini complex is formed with clrlorinc and 

Ik-^-i k, 1 ? *'*’'"**'4‘r as with iodine.** Such a complex has not 

\uth thcM- halogens, nor Ls it necc.ssarv to assume that it 
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forms. The reaction could proceed equally well mth the intermediate 
acyl hypohahte. 

RCOgX + R'C=CH R'C=CX + RCOgH 

EXPERIMENTAL PROCEDURES 

Preparation of Silver Salts 

Two general methods are available for preparing the silver salts. 
The simplest and most direct method is the reaction between the potassium 
or sodium salt of the acid and silver nitrate. For acids of low molecular 
weight and for most dibasic acids, this is the most satisfactory method. 
For the higher acids (above Cg) especially when fairly large quantities 
are employed, it has been suggested that freshly prepared silver oxide be 
used.^ Reaction of the potassium or sodiiun salts of the higher acids with 
silver nitrate leads to voluminous precipitates which are difficult to 
filter. For acids that are sparing^ soluble in water the use of ethanol- 
water mixtures is recommended. For perfluoro acids unstable in water 
(undecafluorocyclohexanecarboxylic acid, for example), the use of silver 
oxide is a necessity. With these acids the reaction is run in perfluorobutyl 
ether as a solvent. A representative preparation bj"- each of these methods 
follows. It is essential to the success of the subsequent reactions with 
the halogens to have the silver salts perfectly dry. 

Silver Laurate.^^ Hot solutions of 50 g. of silver nitrate in 100 ml. of 
Water and 59 g. of lauric acid in 200 ml. of 1.45 N potassiiun hydroxide 
are added simultaneously to 100 ml. of hot water with stirring. The 
addition is controlled so that approximately equivalent quantities of the 
reactants are present at all times. The precipitated silver salt is collected 
on a filter, Avashed vdth water and acetone, and air-dried. This material 
is powdered and then dried in a vacuum at 60° over phosphorus pentoxide. 
The yield is 85 g. (94%). 

Silver Methyl Octadecanedioate.'* The silver oxide precipitated 
by the admixture of water solutions of 270 g. of silver nitrate and 150 g. 
of potassium hydroxide is washed free from allcali. The moist oxide is 
added to 520 g. of molten methyl hydrogen octadecanedioate and stirred 
vigorously while boiling water is added. The silver salt formed is collected 
on a filter, washed with hot ethanol, dried, finely powdered, and redried. 
The jield is 637 g. (99%). 

Substituted Silver Benzoates.^"’®® The organic acid is di.ssolved in 
hot ethanol, and a hot aqueous solution of sodium carbonate is added 
until the solution is basic to litmus. Nitric acid is then added dropwise 
tmtil the solution is just acid to litmus. Any solid present is filtered, and 
a hot aqueous solution of an equivalent amount o .i \ er nitrate is added 



ORGANIC REACTIONS 


snc 

to the filtrate. The silver salt is removed by filtration, washed ivitli 
di.stilled water and ethanol, and dried at 70°. 

Silver Bicyclo[3.3.1]nonan-9-one-l-carboxylate.’^ A solution of 
20 g. of l)icyclo[3.3.1]nonan-9-one-l-carboxylic acid in 50 ml. of methjd 
alcohol is titrated to the end point of phenolphthalein with a 
.solution of potassium hydroxide in methyl alcohol. A solution of 18.6 g. of 
silver nitrate in 20 ml. of water and 50 ml. of methjd alchol is added drop- 
wise with stirring; the silver salt is collected on a filter, washed with methyl 
alcohol, and dried at 70° under vacuum for eighteen hours. The product 
contains potassium nitrate but gives results in subsequent reaction that 
are as satisfactory as those obtained with the silver salt prepared m 
aqueous solution. 

Silver Undecafluorocyclohexanecarboxylate.'^® To a solution 
of 0.05 g. of undecafluorocyclohexanecarboxylic acid in 66 ml. of per- 
fluorobutyl ether is added 3.22 g. of alkali-free silver oxide. The mixture 
is shaken intermittcntlj' in the dark over a three-day period. Only a 
trace of unrcacted silver oxide remains. The silver salt, 11.35 g. (94.3%), 
is collected on a Pjtcx filter cone, washed with perfluorobutyl ether, and 
dried at 50° for ten hours. The salt is a white, light-sensitive, crystalline, 
non-liygroscopic material, soluble in water. All operations in its pre- 
paration are carried out in the dark. 


Products Formed by the Hunsdiecker Reaction 
Methyl 5-Bromovalerate. The preparation of this material in 
.I--.)!®,, yield from methyl hydrogen adipate is described in Organic 
^ynlhrxrnS'^ 

ri-Propyl Bromide.-'’ A .solution of 40 g. of bromine in 250 ml. of 
frc'hly distilled nitrobenzene is added with vigorous shaking and cooling 
to g. of silver butyrate. In about one minute, the bromine has 
reacted and the solution i.s yellow in color. This is followed by sudden, 
turbulent evolution of carbon dioxide, and the solution becomes quite 
v.inii. When gas evolution cease.s, the silver bromide is remov'ed by 
1 tratiiin and the filtrate is distilled through a Widmer column. There 
1 o ii.iiuid 17. _ g. (Ciie.^j j|.pj.Qpy] bromide, 2.7 g. of butjTic acid, and 
■' 6’ 'j P ) of H-propyl butyrate. 

ri-Heptyl Bromide.^ To a suspension of 102.5 g. of mercuric octa- 
iii loo rnl. of carbon disulfide (dried over phosphorus pentoxide) 
1 'hopwi-p _2 ml. of dry bromine. There is a smooth evolution of 
car .on du.xide. When the initial reaction has subsided, the mixture is 
:n t or ,v ,-bort time on the steam bath. The mercuric bromide is 
romov-, .y filtration and washed well with carbon disulfide. The solvent 
rota the filtrate and washings, and the residue is fractionated 
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mider reduced pressure to yield 55.7 g. (75%) of 7i-lieptyl bromide, b.p. 
'4 /18 mm. A higher boiling fraction (133-137718 mm.) is octanoic acid 

(6.1 g., 10%). 

n-Undecyl Bromide.®* To a suspension of 46 g. of silver laurate in 
200 ml. of carbon tetracliloride (dried over phosphorus pentoxide) is 
added slowly, with stirring and cooling, 7.5 g. of dry bromine in 20 ml. of 
dry carbon tetrachloride. The mixture is heated gradually until the 
evolution of carbon dioxide ceases and is then held for a short time at its 
boiling point. The silver bromide is removed by filtration, placed in an 
extraction thimble, and extracted for one to two hours, the filtrate being 
used as an extracting solvent. After the carbon tetrachloride solution is 
washed with dilute aqueous sodium hydroxide and water, the solvent is 
removed and the residue distilled to give 24 g. (67%) of undecyl bromide, 
6.p. 131-134°/15 mm.; 5.5 g. (18%) of lauric acid can be recovered from 
the alkaline wash liquid. 

l54-Dibromobutane.®* To a well-stirred solution of 48 ml. of dry 
bromine in 250 ml. of dry carbon tetrachloride is added (with the exclusion 
of water) 163 g. of silver adipate. The addition is made in small portions 
over a seven-hour period. After the addition of each portion of silver 
salt, the reaction is started by warming to 50° and is aUowed to continue 
until the evolution of carbon dioxide ceases. Heating is continued for 
one-half hour to complete the reaction. The silver bromide is removed 
by filtration and washed thorougldy with ether. The carbon tetrachloride 
and ether solutions are combined and decolorized by shaking with a 
saturated solution of sodium bisulfite; the decolorized solution is shaken 
with 10% aqueous potassium hydroxide solution, any emulsion that 
forms being broken with sodium chloride. The solution is finally 
washed with sodium chloride solution and dried. The solvents are 
removed through a fractionating column at ordinary pressure, and the 
residue is distilled. The 1,4-dibromobutane distils at 78-8I711 mm.; 
the yield is 58 g. (58%). 

1,10-Dibromodecane.® A mixture of 40 g. of the silver salt of 
dodecanedicarboxylic acid and 100 ml. of carbon tetrachloride is treated 
gradually vith 9 ml. of bromine. The silver bromide that separates 
during the reaction is removed by filtration and v ashed vith hot carbon 
tetracliloride. The filtrate and wasliings are combined and shaken with 
sodium bicarbonate solution to remove any free acid. The solvent is 
removed and the residue distilled to give 16.8 g. (about 60%) of 1,10- 
dibromodccane, b.p. 190-195°, m.p. 35-36°. 

Methyl 17-Bromoheptadecanoate.* To a suspension of 673 g. 
of the silver salt of methyl 17-carboxvheptadeeanoate in 75O ml. of 
carbon tetracliloride is added, with cooling an stirrmg, 81 ml. of bromine. 
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The mixture is finally warmed on a water bath for a short time, and the 
silver bromide formed is removed by filtration. When the filtrate is 
cooled to 0°, 58 g. of the monoester acid separates. The remainder can 
be removed by shaldng the solution with dry potassium carbonate; 
aqueous alkalies form emulsions that are difficult to deal with. Removal 
of solvent and distillation gives 432 g. (75%) of methyl 17-bromo- 
hcptadecanoate, b.p. 212-214°/2.5 mm. 

Trifluoromethyl Iodide."' A mixture of 66 g. (0.3 mole) of finely 
ground silver trifiuoroacetate and 81 g. (0.32 mole) of powdered iodine was 
placed in a horizontally held tube, 25 mm. in diameter and 25 cm. long; 
this tube was sealed at one end while the other end was connected to a 
wide trap cooled in ice water and backed by two traps cooled in solid 
carbon dioxide (Dry Ice) and a small water bubbler which served to show 
the rate of evolution of the carbon dioxide. The ice trap collected a fine 
sublimate of iodine and prevented clogging of the solid carbon dioxide 
(Dry Ice) traps, the first of which collected practicallj’’ all of the trifluoro- 
methyl iodide. 


The mixture of silver salt and iodine was heated cautiously with a gas 
burner, starting at the closed end. The decomposition is smooth at about 
100 , but tends to propagate spontaneously and escape control when the 
leadng is not done patiently. The bubbling of carbon dioxide is used as 
an indicatoi for the speed at which the burner can be moved along the 
t\d)c. \\ ith the small equipment used, it took ninety minutes to complete 
t e reaction. The crude trifluoromethyl iodide amounted to 47 g. (85%). 
A senes of larger runs gave an average yield of 87 %. Fractional distillation 
gave a product boiling at 21.8°. 

Trifluoromethyl iodide is conveniently stored in glass ampules. Exposed 

to light, It slowly becomes pink, then purple. 

A TOinparable procedure is described by Haszeldine.’^ 
sti ''la^ Dromide.^" To a flask equipped with a mercury-seal 

t t oarbon tetrachloride (dried over phosphorus 

ml. of carbon tetrachloride is distilled in order to dry 
•ifto 'system is protected with a drying tube and, 

nentr • 1 ° ~ mole) of bromine (dried over phosphorus 

lir . i -25° ^'-ith stirring. To tliis is added 

The silt •- 1 1 "*! silver salt of cyclobutanecarboxylic acid, 

nihlier ent r ' ^ pcriod of about fifty minutes through a wide 

r ^ had been dried. After an 

dioxide seL • ” ”i ««*«ites, a vigorous evolution of carbon 

Evolution or"' ''r the remainder of the silver salt is added, 

the temrK ra'ur'^ ' joxide Is accompanied bj- the evolution of heat, but 
niKm.ure ,s easily maintained at -2.5 to -20° with a solid carbon 
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dioxide-acetone bath. After addition is complete, the mixture is stirred 
briefly until gas evolution becomes slow and then is allowed to warm to 
room temperature with stirring. "Wlien gas evolution has ceased, the 
silver bromide is removed and washed with carbon tetrachloride. The 
filtrate is Avashed with 2 N sodium hydroxide and AA'ater and then dried 
over calcium chloride. The combined alkaline extracts from a total 
of 2.6 moles of silver salt yield only 2.2 g. of acidic material. 

The carbon tetrachloride solution is flash-distilled through a 1 -meter 
column packed with glass helices and equipped Avith heated jacket and 
partial reflux head. Dm’ing flash distillation, the volume of solution in 
the distilhng flask is kept sufficiently large so that the mole fraction of 
cyclobutyl bromide is kept beloAA' 0.2. This avoids loss of bromide, 
and the carbon tetracliloride is collected at 76.9°. After all the carbon 
tetrachloride solution has been added, removal of solvent is continued 
and an intermediate fraction (7.9 g.), b.p. 76.9-108.2°, is collected. 
Cyclobutyl bromide (36 g., 50%) is collected at 108.2-108.3°; 1.4801, 

1.434,' MRd 26.75 (calculated 26.72). There is 15 g. of distillation 
residue. By redistilling the intermediate fractions from several rims and 
stripping the residues in a vacuum, the total yield is raised to 53%. 
The same yield is obtained in larger (1.9 mole) runs. 

p-Nitrobromobenzene.^® To a suspension of 34 g. of silA’^er ;p-nitro- 
benzoate in 500 ml. of carbon tetrachloride 20 g. of bromine is added 
dropAvise at room temperature. The deep-red solution obtained at the 
end of the addition is heated sIoAvly to boiling; there is no evolution of 
carbon dioxide beloAV the reflux temperature. The solution is boiled for 
three hours, during Av'hich time the color gradually fades. The hot 
solution is filtered, and the filtrate is Avashed Avith sodium bisulfite and 
sodium bicarbonate solutions. Acidification of the sodium bicarbonate 
extract produces 2 g. (10%) of y-nitrobenzoic acid. Evaporation of the 
carbon tetracliloride leaves 20 g. (74%) of crystalline 2 ?-nitrobromobenzene, 

m.p. 126-127°. 

Ethyl a-Bromo-p-phenyIpropionate.82 To a solution of 37.5 g. 
(0.16 mole) of diethyl benzylmalonate in 100 ml. of absolute ethanol is 
added, Avith stirring, a solution of 8.7 g. (0.15 mole) of potassium hydroxide 
in 100 ml. of absolute ethanol. The solution is allowed to stand at room 
temperature for four to tAvelve hours; the pH of the final mixture has a 
value between 7 and 8. Any solids that have formed (assumed to be the 
dipotassium salt) are removed by filtration. The ethanol is distilled 
until a thick SAump remains. The last traces of ethanol arc removed m 
vacuum, and the resulting crystals of the potassiiim salt of the half ester 
of benzvlmalonic acid are placed in a vacuum desiccator for twefre hours 

The dried, finely poAvdered potassium salt is mixed Anth 100 ml. of 
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solutira of 9 fg°?o mixture is stirred vigorously vMe ^ 

is iflHpS ^ bromine in 50 ml. of carbon tetrachloride 

decolonVe/7'T ‘o four hours. The bromine is 

bromine solur^^ 7 of the reaction, but persists after all of the 

is removed in”^ added. The mixture is filtered, and the solvent 

pressure to vi ''‘m* The residue is distilled under reduced 

ir,:Snrcs:;ro& 

Products Formed by the Simonini Reaction 

procured more easily Simonini reaction are usually 

developed as a svnfP ^ ° procedures, the reaction has not been 
is available. The fob Consequently, no detailed procedure 

on this reaction °"mg example is typical of the experimental work 

12.7 g. ofiodinel!em[xed’ineth^^° phenylacetate and 

ether boils. The solv + ■ ®^othermic reaction sets in and the 

heated for one hour at 80 ^ is removed by distillation and the residue 

1.35 g. (10%i of nViBriTri i- ^ ®-^l'racted with ether from which 

.Cfi ““ “0 S-SS 8 . ( 68 %) of benzyl phenyl- 

Products Formed by the Provost Reaction 

i-Iodocyclohexyl Acetate .21 To S 9 

m ether is added 25 4 e mi i ^ mole) of cyclohexene 

acetate. An exothermic reacwl 

silver iodide formed in the r f ether begins to boil. The 

removed, and the residue W filtration, the solvent 

acetate, obtained in 80°/ viplO ^ product, 2 -iodocyolohexyl 

allylbenzene in 300 ml. of drv IiPn ^‘I’^nzoate.ss rp^ jp g g of 

and 2o.4 g. of iodine (or the corresponV^ added 45.8 g. of silver benzoate 
iodine complex). Tlii, mixt„„ if h ^1"! ™°™* of ‘he silver benzonle- 
;«l. the entefnl cxcl„,l„„ „f ‘oAnx for fifteen boot. 

e precipitated silver iodide remo*^^ ri ’’^action mixture is cooled, 
ZT -ith apurus l"'^ and the filtrate 

frf ’VV'^'vater. The solutZTs^ ’^'®“>-bonate solution and 

cSlo rr n®aassarjr to tej Trituration with 

collected on a filter, washe^vfirh "et t The produet is 

of crude product melting at ”o yS ^^d dried. The yield 

■5 g. (85%). The pure product 
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melts at 74-75°. Hydrolysis to the glycol in a yield of about 85 
effected with sodium hydroxide. 

1,2-Hexadecanediol.^® Iodine (10.6 g.) in 100 ml. of dry ben 
IS added, with shaking, to a suspension of 26.5 g. of silver benzoaf 
150 ml. of benzene. To this solution is added, slowly and with shal 
10-5 g. of 1-hexadecene in 50 ml. of benzene. The mixture is hei 
under reflux for one hour, cooled, and filtered, and the filtrate freei 
solvent. The residual glycol dibenzoate is saponified by heating ur 
reflux for three hours with 12 g. of potassium hydroxide in 75 ml 
ethanol and 25 ml. of water. The glycol is recovered by pouring 
hydrolysate into 500 ml. of hot water. After cooling, the crude gl 3 "cc 
collected, recrystallized twice from methanol, then from ligroin (1 
60-70°), and finally from methanol to give 4 g. (33%) of 1,2-hexadecaned 
m.p. 73-73.6°. 

By a similar procedure, 288 g. of 1-octadecene, 620 g. of silver benzot 
and 290 g. of iodine give 239 g. (73%) of 1,2-octadecanediol, ir 
79-79.5°. 

2-Bromocyclohexyl Benzoate.®^ To a suspension of 11 g. of sih 
benzoate in 75 ml. of carbon tetrachloride cooled to —10° is added one-h 
of a solution of 7.3 g. of bromine in 18 ml. of carbon tetrachloride a 
one-half of a solution of 3.8. g of cyclohexene in 15 ml. of the same solvei 
After ten or fifteen minutes, the remainder of the bromine and cyclohexe 
solutions is added. The precipitate is removed by filtration and wash 
with carbon tetrachloride. The combined filtrates are washed first wi 
dilute aqueous sodium hydroxide to remove any benzoic acid and thi 
with water. The solution is dried over calcium chloride, the solvent 
removed, and the residue is recrystallized from petroleum ether. T1 
product (42%) melts at 64-64.5°. 

Products Formed by Substitution Reactions of 
Acyl H3'pohalites 

P-( 2 -Iodo- 5 -methoxyphenyl)propionic Acid. Method l.i® To 

stirred solution of 0.1 mole of ^-( 3 -methoxyphenyl)propionic acid in lO- 
ml. of acetic acid there is added alternately, in small portions, 25.4 g 
(0.1 mole) of powdered iodine and 16.6 g. (0.1 mole) of silver acetate 
lodination proceeds rapidly at room temperature. The iodinated m.xtur, 
s stirred for one hour at room temperaHue after the addition is complete 
Altered, and the filtrate is dUuted with water. The oily product that 
mparates is extracted with ether, the ether extracts are washed free ol 
metic acid, and the iodinated acid is purified by recrystalhzat.on from a 
mixture of chloroform and petroleum ether. The product obtained in 

10% J’ield melts at 109-110°. 
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Method JI .1® To a suspension of 14.3 g. (0.05 mole) of ^ ^ 

,3.S.ox„h.n,l,pr.pic„..e i. lOOml. 

in a 500-ml. three-necked flask equipped uuth an 
added dropwise at room temperature 25.4 g. ( • J ^ j 

in carbon tetrachloride. The iodine reacts immediately ^ed for 
precipitates. After the addition is complete, the mixture 
one hour, the silver iodide is separated, and the solvent 
reduced pressure. The iodinated acid is purifie y crys 
chloroform-petroleum ether. The yield is 90%, m.p. - . ' , 

p.Diiodobenzene.- A mixture of 12 ml. (0.11 mole) of 
and 4.4 g. (0.02 mole) of silver trifiuoroacetate is heated to 10 ‘ 

flask fitted iidth a condenser which is connected by rubber ^ 

liquid air traps. The mixture is cooled to room temperature an ■ g- 
(0.02 mole) of powdered iodine is added. There is an 
tation of silver iodide. The mixture is heated rapidly to lb , 
to room temperature, and filtered. The liquid air traps contain omy ^ 
small amount of trifluoroacetic acid. Distillation of the solu 
1 85 g. (80%) of trifluoroacetic acid, b.p. 71-72°, iodobenzene, b.p. / 
mm., and 5.1 g. (77%) of p-diiodobenzene, which may be crystaUize 


from ethanol as plates, m.p. 128°. . 

4-Iodoveratrole.®®“ A mixture of 110 g. (0.5 mole) of si ver 
fluoroacetate and 69 g. (0.5 mole) of dry veratrole was placed in a dry, 
1-1. flask equipped with stirrer and dropping funnel. A cliloroform ^ 
tion of iodine was prepared from 127 g. (0.5 mole) of iodine and about 
ml. of chloroform. The chloroform solution was added during one- a 
hour, after which any undissolved iodine was added as the so ■ 
(Alternatively, sufficient chloroform to dissolve the iodine, about 15 . > 
may be used.) After stirring for two hours, the mixture was filtered an 
the precipitate washed with 100 ml. of chloroform. The solvent was 
removed and the residue distilled. The yield of product boiling at 15 
155°/15 mm. was 112 g. (85%). Redistillation gave a pale-yellow produc , 
7!^ 1.6117, which after crystallization from ethanol melted at 34-35 . 


TABULAR SURVEY OF SILVER SALT-HALOGEN REACTIONS 
In Tables I-XVII are listed all the examples of silver salt-halogen 
reactions that have been noted in a survey of the literature through 1954. 
In general, the substances are arranged in increasing order of molecular 
weight, ilost of the tables provide the following information; silver sa 
employed, solvent, main product of the reaction, yield, and reference. 
A separate column for the halogen used is not included since the formu a 
of the product will make tliis clear. 

• The bibliography in reference 2a covers the literature through June 1955. 
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ORGANIC REACTIONS 
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halogens with silver salts of carboxylic 


ACIDS 3C5 


TABLE II 


Formation of Alkyl Halides from Phenyl-Substituted Carboxylic Acid^ 

Unless otherwise indicated, the solvent was carbon tetrachloride 


Acid 

Main Product 

Yield, % 

Reference 

C 6 H 5 CH 2 CO 2 H 

CgH5CH2Br 

64* 

63 


CgH5CH2Br 

20-37 t 

26 

P-02NCgH4CH2C02H 

p-02NC6H4CH2Br 

85 

16 

(‘^6H5)2CHC02H 

(CgHglaCHBr 

8 

25 

(^6H5)3CC02H 

(CgH5)3COH 

8 

26 

CH3CH(C6Hg)C02H 

CHaCHBrCgHg 

4- 

+ 

27 

^6H5CH2CH2C02H 

CeHjCHjCHjBr 

6-15 

16, 26 

P- 02 NCSH 4 CH 2 CH 2 C 02 H 

p-02NC6H4CH2CH2Br 

80 

16 

^6H5CH2CH(CgH5)C02H 

CgHjCHBrCHBrCgHg 

52 

16 

<+)-C6H5CH2CH(C2H5)C02H 

(+,-)-CgH5CH2CHBrC2H5 

17 

26 

( -)-CeH5CH2CH(C2H5)C02H 

(-|-,-)-CgH5CH2CHBrC2Hs 

— 

26 

C6H5C^CC02H§ 

CgHgC^CI 

9411 

49 


This yield is based on a quantitative determination of brornine prosonl : 
neutral fraction of the reaction mixture and not on pure isolated material 

t The silver salt was added to bromine in carbon tetrachloride, the rovor:,,. r , 
normal procedure. , ,,, <'^>0 

. ■*; ?■* ■'''as originally reported^^ that l-bromo-l-pheny e arm was obtaiuetj 

Jneld. Other chemists®®’®® could not obtain this pro uc , an ’ ^ nttornpiq ^ ‘/o 

neir own work, the original workers have also reported fai ure; s ^opeat 

Was obtained. oromido 

§ Although no identifiable substances were isolated from the product,, . , 

from the action of iodine on silver cinnamate or si^er crotonate, silve- 
Propiolate gave an excellent yield of the iodide. A small amount of tri;®^ P^enyl- 
formed simultaneously. ^ "°'Jo8tyrone 

il The solvent used in this experiment was benzene. 
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ORGANIC REACTIONS 
TABLE III 


Foktiiation of Halides a^jd/or Lactones from 
Dicaeboxylic Acids 

Unless otherwise indicated, the solvent was carbon tetrachloride. 


Acid 

Main Product Yield, % 

Reference 

HO,C(CH.).COjH» 

Br(CH.bBr 

32-37t 

40, 85 

HO.ClCH.JjCOjH 

OCCHjCHjCHjO 

1 1 

69+ 

63 

HO.CCH(C.Hj)COjH» 

C.HsCHBr.§ 

28 

40 

HO.CCHjCHlCHjlCOsH 

BrCHjCHBrCHj 

12 

63 

HO,C(CH.).CO.H 

Br(CH.)4Br 

Small 

20 


BrlCH.ljBr 

21 

54 


BrlCHjl.Br* 

58 

84 


Br(CH,)4Brll 

28 

63 

nO,C(CH,),CH(CH5)COjH 

OCCH.CH.CH(CH3)Oll 

1 ■ ■ 1 

87t 

63 

HO.C(CH,hCO.H 

BrlCHilsBr 

at 

63 

HO,C(CH5)sC(CHj)jCOjH 

OCCHjCHjClCHjljOli 

1 1 

oOJ 

63 

2-HO.CC,H,COsH 

’-BrC.H.Br 

10 

63 

S-HO.CC.H.COsH 

3-BrC,H,Br*» 

4 

63 

•4-HOsCC,H,CO.H 


•» 

63 

HOsC(CH.),CO,H 

Br(CH.),Br 

82{ 

63 

HO,CCH,CH(CjH„-i)COsH 

BrCHjCHBrCjH,,-! 

25J 

63 

HOA'iCHjljCO.H 

Br(CH.)jBr 

62-81 

3, 54, 63 

HO,C(CH,),CH(CjH„.i)CO.H 

OCCHjCH.CHlCjH.j-OOTI 
1 1 

60J; 

63 

HO,CC(CH.)3CH(C,H„-i)CO.H 

BrlCHjhCHBrCsH,,-!'!] 

33t 

03 

lIO.C(CH.h,CO.II 

Br{CH.),„Br 

60 

3 

HO,C(CH,),,CO.H 

BrlCH.li.Br 

44 

54 

C,HiCH(CO.n)CH(CO.H)C,H. 

; CjHjCHBrCHBrC.Hstt 

High 

26 

HO.r(CHj),CH(CO.H)CHjCO.H* Br(CH.);CHBrCH.Br 

4-6 

40 
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TABLE TV 


Foematiok' of Haxo Esters fbosi Acid Esters 
Unless otherwise indicated, the solvent was carhon tetrachloride. 


Silver Salt of Acid 

Main Product 

Yield, % 

Reference 

CH,0.C(CH.),C0.H 

CHjO.C(CH.)jBr 

65-68 

4, 60, 61 

CHjO.C(CH.)eCO.H 

CHjO.ClCH.leBr 

70 

4 

CH30,C(CH,).C0,H 

CHjO.ClCH.l.Br 

70 

4 

CH»0,C(CH.),C0.H 

CHjO.ClCHjlsBr 

75 

3,4 

®30jC(CH,),C0.H 

CHjO;C(CH,),Br 

71 

3,4 

CH»0,C{CH.)„C0.H 

CHjO.C(CH.)nBr 

78 

4 

®30jC(CH,)i.COjH 

CHjOjClCH.lijBr 

71 

4 

®30sC(CH.),jCO.H 

CHjO.ClCH.lijBr 

73 

4 

^305C(CH,),,C0.H 

CH,O.C(CH.), 4 Br 

70 (65-70) 

4, 62 


CHjOjClCHjljjBr 

78-85* 

62 

CH»0.C{CH,)„C0,H 

CHjO.ClCH.lisBr 

70 

4 

®30jC{CH,)„CO.H 

CHjOjClCHjljeBr 

75 

4 

^3— CH, 

/ v 

CHCOjC.Hs 

CH.— CH. 

/ ■ V 

CH, CHC0jC.H5 

\ ■ / 

68-72 

5 


^5— CHCO.H CH.— CHBr 


Uie solvent in this experiment was trichloroethylene. 


ORGA^^IC REACTIONS 

TABLE V 


Fobmatiok or Aikyl Hamdes from Poeyh-^eo 

. T5T-.T>Yrr TTr^I>0 AfllDS^ 


Acid 

Product 

Yield, % 

CHoPCOgH 

CHjFCl 

52 


CHoFBr 

62 


CH„FI 

55 

CHFClCOjH 

CHFCU 

73 


CHFClBr 

67 


CHFCII 

35 

CHFBrCOaH 

CHFBrCl 

67 


CHFBr„ 

64 


CHFBrI 

19 

CHPICOjH 

CHFIj 

18 

CHFjCOjH 

CHFoCl 

91 


CHFjBr 

88-93 


CHFjI 

93 

CPClBrCOjH 

CFCljBr 

63 


CFClBr, 

71 

CPCLCOoH 1 . , 

“ “ I mixture 

CFClj 

63 

CHPClCOjHl 

CHFCU 

78 


CFCljBr 

58 


CHFClBr 

61 


CFCljI 

10 


CHFCII 

29 

CPaBrCOjH 

CFjBr^ 

81 

CFjClCOjH 

CFjCl, 

88 


CFjClBr 

91 


CFjClI 

78 


CCI3CO2H 


Boforence 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

73 

49 


* Unless otlierwise specified, the reactions with chlorine and bromine " . 
carried out in sealed tubes or in a steel autoclave without a solvent, i' 
iodine an intimate mixture of the halogen and silver salt was heated m 
open fiask. 
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TAJ3LE V — Continued 

Formation of Axkyi, Halides from Polyhalo 
AND Perfluoro Acids 


Acid 

Product 

Yield, % 

Reference 

CF 3 CO 2 H 

CF 3 CI 

90; 88 

78, 79 


CFgBr 

88 ; 98 

78, 79 


CF 3 I 

87-96 

74, 77, 78 


C 2 F 3 CI 

94; 83 

73, 79 



98; 98 

73, 79 


C 2 F 5 I 

94; 86 

73, 74 

»^-C3p7C02H 

n-CaP^Cl 

91; 71 

73, 79 


n-C^F^’Br 

97; 95 

73, 79 


n-C^F^l 

90; 86-93 

73, 74, 80 

^■C^PgCOjH 

n-C^¥gC\ 

89 

73 


n-C^FgBr 

95 

73 


n-C^¥gl 

89 

73 

«-CbFiiC02 H 

n-CgFiiCI 

85; 71 

73, 75 


n-CgFuBr 

91; 83 

73, 76 


n-CsF^jI 

89; 74 

73, 76 

""■CeFigCOaH 

n-CgFjgCl 

83 

73 


n-CgFjgBr 

90 

73 


n-CgFjgl 

90 

73 

«-C,Pi5C02H 

n-C^FigCl 

80 

73 


n-C^FijBr 

86 

73 


n-C^Figl 

85 

73 

H02C(CP2)3C02H 

CKCFoigCl 

64 

86 


Br(CF2)3Br 

80 

86 

CF 2 — CF 2 

I(CF2)3l 

18t 

74, 86 

/ \ 

9^2 CFCO„H 

\ / 

CgFiiBrJ 

54 

76 

CF 2 -CF 2 

CgFjiIl 

63 

76 

t The main product of the reaction is portoorobutyrolactone. 
i Perfluorotributylamino was used os a soHent. 
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ORGANIC REACTIONS 


++ 

CO ® 

S 



o 

a 

» 


;h 

s 

bl 

s 

o 

>< 

o 

O 

u 

pH 

S-t 

PP 

*T* 

t-M 

w 

a 


w 

o- 

-s 


5 ^ ffl 

d a a Q 

a s S H, ^ 

^9 M a 


H J K j s j a J a 

OJ u-l 0-1 0-1 o- 



M 

v3 

O 

o 



o 

d 

JH 

> 

d 


Ph 

o 

q 

'o 

CQ 


d 

pH 

o 



a 

d 

d 




5 

o 



o 


o 

o 





■g o 

^ O 


d d 

o o 


d 1 d 

W ti5 


O O I o 






HALOfiKNs WITH SILVKll SAl.T.S OK CAHHOXVMC’ ACIDS .171 


05 

GC 


o 

I- 


Cl 

I** 


/ 


OC 

Cl 


H 

u 

Q 

o 


o 



o 

o 


Ch 

o 


cn 


>.c . g 

ffO ^ 5 
I H -4 15 
O 


if 5 c 2 
Cl H 


I O S 

dJ 




d 

o 

o 

& 

6 

s 

o 


® P 2 
^ d 


2 

t- -tf tj 

>s 

<D ^ S 
^ C O 

43 rj 
0^0 
-+i C2 CO 

'd o 
■d ^ 
d o X 

m • J 


3 CO O 

3 d 

,pd d 

3 S “ 

3 O O 

^ ‘-^ ^ 

3 O d 
. c3 O 
: 2 ^ 

; p< 


HHH 



372 


ORGANIC REACTIONS 


TABLE Vn 


Eobmation of Abyl Halides from Aromatic 

Carboxylic 

Acids* * * § 

Substituents in 
Aromatic Acid 

Substituents in 

Aryl Bromide 

Yield, % 

Keforenco 

(Benzoic) 

(Bromobenzeno) 



None 

None 

14-18 

16, 20 

None 

None 

46-80 

17, 20, 63 

2-Chloro 

2-Chloro 

38 

16 



46 

17 

3-Chloro 

3-Cl\loro 

44 

16 

4-Chloro 

4-Chloro 

55 

16 

2'Nitro 

2-Nitro 

95, 71 

16, 63 


3-Nitro 

3-Nitro 

89 

16 



68 

17 

4-Nitro 

4-Nitro 

79 

16 

3-Methyl 

3-Mothylt 

27 

17 

4-Methyl 

4-!Methyl+ 

17 

16 

3-Methoxy 

2-Carboxy-4-methoxy 

50 

17 

4-Methoxy 

3-Bromo-4-methoxy § 

19-23 

16 

3-Bromo-4-methoxy 

3 -Bromo -4-methoxj' 

92 

16 


* In all the reactions recorded in this table carbon tetrachloride was use 
as the solvent. 

t 3,4-Dibromotoluene was also obtained in 13% yield. . 

i The principal product was 3-bronio-j)-toluic acid, obtained in o6 /q T 

§ The principal product was 3-bromo-4-niethoxybenzoic acid, obtaine 
73% yield. 


FoimATiON OF SunsTiTUTnn Ar-rcYi I-LiiiiDES on Thkir Decomfosition Pboducts 
rnOAi Substituted iloNOCARBOxyLio Acids 
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TABLE XI 

FonMATioif OF Aldehydes and Ketones by the Action of 
Iodine on the Silver Salts of Hydroxy Acids 


Acid 

Diluent 

Product 

Yield, % 

Roforonco 

HOCH 2 CO 2 H 

C 2 H 5 OH 

CH„0* 

— 

49, 89 

CH 2 OHCHOHCO 2 H 

Quartz 

CHgO* 

— 

89 

CH 3 CHOHCO 2 H 

C 2 H 5 OH 

CH 3 CHO* 

— 

49, 89 

C 6 H 5 CHOHCO 2 H 

(C 2 Hg )20 

CgHgCHO 

60t 

49, 89 

(CH3)2C(0H)C02H 

CjHjOH 

(CHgljCO* 

— 

89 

(C 6 Hs) 2 C( 0 H)C 02 H 

CsHg 

CgHgCOCgHg* 

— 

49 


_ * This material was identified as one product of tlie reaction mixture; no 
yields were recorded. , . , , , 

t The product was contaminated with benzene which was the solvent used 
in one case.^® 
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TABLE XVII 

Formatiok of Haloacktyrknks uy the Action of Silver 
Benzoate and Halogen on Acetylenes 


Acetylene 

Acylliypolmlito 
(or Sinioninl 

Solvent 

Product 

Yield 

Refer- 

ence 


Complex) 





hc=ch 

(C6H5CO„)2AgI 

CcHo 

HC=CI 

— 

12 


2(CsH5C02)„AgI 

CcHg 

ICsCI 

— 

12 

'‘■CsHjjCfeCH 

CgH-COoCl 

cci., 

C-HiiCsCCI 

Good 

14 


CgHjCOjBr 

CCI4 

CsHiiCfeCBr 

Good 

14 


CeHsCOoI 

0 

0 

CsHiif^CI 

Good 

14 


(CgHgCOolaAgl 


CgHgCsCI 

Quant. 

12 
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THE KYETHESIS OK /J-LACTAMS 
Miscellaneous Syntheses 

Tabular Survey of thi; Synthf-sis of /}-Lactams 

Tnble I. Monocyclic 

Table II, Fused 

INTRODUCTION 

The four-membered ring appears to be the smallest cj Such 

capable of accommodating the amide function as fl.lactams,^ 

four-niembered, cj^clic amides (I), commonly referre ° ^ partially 

possess phj'sical and chemical properties that i' orge 
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'des and lactams of 

a result of ring strain, from those of acyclic amj pypiobutanone 
greater ring size. Thus, in common with p- ° gptible to reactions 
derivatives, the simple ^-lactams are J facile ring cleavage, 

involving the carbonyl group and general y presents considerable 

In addition, each of these small-ring sys e fg^jned, 

difficulty in synthesis. The reluctance with w j^as necessitated 

using the conventional methods of lactam these compounds, 

fhe development of special and unique beeuming of the presen 

No authentic /3-lactanis Avere knoAvn un i method common y 

century, probably because theh sy"^^f*®^,^ation of the appropriate 
used for y-lactam formation, i.e. ^ ^ fl.lactams were P’^^P^^® 

amino acids, had not been realized, ^he _ methods AA’luch 

1 rN . 


he first methods which 

-Axxiu cicius, naa nov uecu ^ highly ^ 

hy Staudinger and his co-AVorkers,” studies on the chemis ry 

^vere discovered in connection with thei t completion of 

ketene " ’ ’ ^..r.odd t^ears oe ^ /?.lactams Avere 


Were discovered in connection aaiwi betAveen the completio 

ketenes. During the tAventy-odd 

Staudinger’s work and 1943 , tAvo a i 

discovered, and thereafter several ^ chemistry of ^-lactams 

After 1943 interest in the al penioiHi- and the problem 

stimulated by the importance of tk® became apparen 

of their structure and sjmthesis. ^^tam ring as a key feature 

natural penicillins might possess those possibly related 

intensive studies Avere made of p-mo '* ’ saturated heterocyde 

derivations been used ovidely, cf. 


Itensive studies were parent snturatea neierocycio 

J „S keto derivatives ,,,,3 been used ividcly, cf. 

^ P-Lnetams may also bo name gystem of nomen nionocyclic ^-lactams, 

fizetidine, i.e. as a-azetidinonea. “ . here in Uie namu 

C-4.. 38, 7061 (1944), and viU be f U 1!»- 


■ Staudinger, Die Ketcnc, F 
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to the penicillins. Early evidence in favor of the now accepted ^-lactam 
thiazolidine structure for the penicillins came from the investiga lo 
the infrared absorption of the penicillins (II) and model ^-lactams 
as III. 


/®\ 

RCONHCH— CH ClCHg), 


CO— N CHCOjH 


CgHs 

l/^\ 

(CgHgl^C C CH2 

CO — CH2 


II 


in 


After the / 3 -lactam-thiazolidine formulation for the penicillins becam 
generally accepted, it was realized that the known routes to ^-lactams 
probably were inadequate for a practical synthesis of penicillin ( > 

R = C5H5CH2). This fact, coupled wth the curious differences in the 
chemical properties (rate of formation, and reactivity toward certain 
reagents) of various ) 3 -lactams, has provoked continued research an 
interest in the field of the ^-lactams. 

Although there are at present several useful approaches to the ^-lactam 
ring system, the synthesis of ^-lactams by a single general method is no 
possible. Therefore, it is always necessary in problems of ^-lactain 
synthesis to determine which of the available methods is best suited or 
the case at hand. In general, the preparation of |S-lactams is more 
readily accomplished if the lactam being formed is highly substituted. 
These highly substituted ^-lactams are usually more stable to ring-cleavage 
reactions than are the simpler /?-lactams. The method of synthesis of 
these stable, easily formed ^-lactams is commonly determined by tfr® 
availability of the starting materials. 

The problem of the synthesis of the less stable, highly reactive ^ 
lactams, e.g. a penicillin, is much more difficult. Usually a number o 
the standard synthetic approaches to /3-lactams are excluded at the outset 
because the necessary starting materials are unstable or cannot be prepared 
readilj\ Of the remaining methods, only those that involve mild reaction 
conditions, and hence highly reactive starting materials, present much 
likelihood of success. Thus, the outstanding problem in /3-lactam synthesis 
IS the development of new and efficient routes to the less stable /3-lactams. 

In principle, the synthesis of the / 3 -lactam ring system might be 
accomplished by the formation of one, two, three, or all four bonds of the 
ring during the cyclization step. Of these four possibilities all but the 
last have been realized. All presently known routes to /3-lactams in which 
only one bond is formed during cyclization involve formation of the amide 
in age or the to bond. The knoivTi s3mtheses of ^-lactams that 
e tw o bonds all entail simultaneous formation of the same two bonds 
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i.e. carbonyl to nitrogen and C„ to C^. The only reported synthesis in 
which three bonds are established simultaneously involves formation of 
all but the amide bond, and it is this route, as might be expected, that is 
the least general. 

CYCLIZATION OF p- AMINO ACID DERIVATIVES 

As mentioned earlier, the thermal dehydration of /S-amino acids to 
^-lactams has not as j'et been achieved, partly because of the ease with 
which ^-amino acids undergo ^-elimination. However, a number of 
^-lactams have been formed from derivatives of y9-amino acids. In 
particular, it is noteworthy that acyl derivatives of many ^-amino acids 
are transformed into /?-lactams in good yield by heating.® The reaction 
may be illustrated by the formation of l-benzyl-3,3-dimethyl-4-phenyl- 
2-azetidinone (V) from the N-isobutyryl derivative IV in 50-60% yield.® 

— COoH /PTT \ n CO 

^ I ^ (CHglaCHCOgH 

CgHgCH— NCOCHlCHa' 




HsCgCH-NCHgCgHs 


CHjCsHs 

IV 


This synthesis of ^-lactams from /^-acylamino acids was discovered by 
Staudinger® in connection ^vith his studies of the reaction of ketenes m 
imines (which also leads to /S-lactams). The ketene-imine reaction often 
affords piperidinediones, instead of, or in addition to, ^ ac 
combination of one molecule of imine with two of the ke 
below. In these cases the ^-lactam can frequently be prepared indmectly. 

RgCH — O — U 


RaC^: 


B?C— C =0 

\ 


=NR' + 2R''C=C=0 


/ 

0=0 
\ . 
B"C— CRa 


NR' 


H,0 


HOgC 

\ 

B^C- 


\ 

NR' 

/ 

-CR„ 


Hydrolysis of the piperidinediones proceeds 

^^acylamino acids, which ^ tL^'^eparation of monocyclic 

ee-step method is apphcab e no « jj^g^am-thiazolidines such as VI.'* 

/^-lactams but also to certain fused 


CgHg 




(CHglzC C 


\ 

CHg 


(^O — N ^^^^2 

VI 


j 374 ^ (19I0)‘ 

® Staudinger, Klever, and Kober, ' Princeton University Prow, 

* Clarke, Johnson, and Robinson, 

'49. 
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The relatively facile formation, of ^-lactams by this route may be 
the possibility of closing the j3-lactam ring by 0 to N acj4 rearrangeme 
of an intermediate hydroxylactone, such as ^^[I, in the forma ion 
Such a reaction path would explain the function of the acyl group 
promoting cyclization. 

(CHAoC 0=0 

HsCcCH / /O 

N-^ 0 CH(CH 3)2 

1 1 

CeHsCHg OH 

VII 

The cyclization of |3-amino acids through the use of reagents such c ^ 
acetyl chloride, phosphorus trichloride, and thionyl chloride has een 
accompUshed in a limited number of cases. Thus ^-benzylainino 
/3-phenyl-a,a-dimethylpropionic acid (VIII)^ and ^-phenyl-^-nni ino 
propionic acid (IX)® have been transformed into the correspon wg 
^-lactams by treatment with acetyl cliloride and phosphorus trichlori e, 
respectively. 

CeHgCHClCHgljCOjH CeHgCHCHaCOaH 

NHCHjCeHs NHCgHg 

VIII IX 

An example of a cyclization of the above type is the synthesis of a phtha 
loylpenicillin (XI) from the corresponding phthaloylpenicilloic acid (X) m 
12% jdeld bj’’ means of thionyl chloride.® It is interesting also to note 

/®\ /®\ 

XCH— CH C(CH3)2 XCH— CH C(CH3)2 

HOjC HN CHCOjR CO— N CHCOgB 

X. X = phthalimido XI, X = plitlialimido 

U = CH 3 jt, = CH 3 

XII, X = ptienylacetamido XIlI, X = plienylacetamido 

n = H n = H 

that benzylpeniciUoic acid (XII) has been converted in trace yield to 
benzylpenicillin (XIII)'' using phosphorus trichloride. 

Another variant of the route to j3-lactains via j3-amino acid derivatives 
is due to Breckpot.® This synthesis, which involves the base-catalyzed 
cyclization of a /3-amino acid ester using a Grignard reagent as the base, 
IS illustrated by the synthesis of l-ethyl. 4 -methyl- 2 -azetidinone (XIV). 
‘ Ref. 4, p. 975. 

• Sheehan, Henery-Logan, and Johnson, J. Am. C/>em. Soc., 75, 3292 (1953). 

Sus, ^nn., 571, 201 (1951). 

Breckpot, Hull soc. chim. Rely., 32, 412 (1923). 
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The method is cspccinllj- ndvantngcoiis if there arc onl^- one or two sub- 
stituents on tlic /9-Iactam ring being formed, or if the substituents are 
®lhyl groups. 


CH^CH- 


-CH„CO„C„Hr. 


CjIIjMcnr 


H3CCH- 


C2H5XH 




HjCoX CO 

XIV 


A large number of monocyclic /?-lnctnms,®“** includmg 2-azetidinone 
itself,” have been synthesized by this method. The yields of ^-lactam 
decrease niarkedlv as the number of sub.stituents on the ^-lactam ring 
being formed decreases, but the method is frequently operable in instances 
where others fail. The yields obtained for a series of /9-lactams possessing 
two, one, or no substituents arc indicated below. 

Compound: HgC.CH CO CHo-CO CHj— CO CH,— CO 

II II II I ' I 

CH„— NC5H5 H3CCH— XC2H5 CHj— XCH3 CHj— XH 
Yield, %: 94 40 11 0.7C 


Experimental Procedures 

3,3-Dimethyl- l-ethyl-4-phenyl-2-azetidinone (Cyclization of a 
P'Acylamino Acid).'* (a) 

idinedione. To 0.6 g. of N-benzylideneethylaminc (jircjiai'cd from benzal* 
dehyde and ethylamine) in an atmosphere of nitrogen is added a aolution of 
^■9 g. of dimethj’'lketene** in 60 ml. of ethyl accl.ato. 'I’ho iiolution hecomf-- 
colorless after about six hours and is stored at room fo^ -i 

additional fourteen hours. The ethyl acetate is removed iipd,.,. 
pressure, leaving a crystalline residue weighing R.OH /{, 
from benzene-petroleum ether gives a ‘1-i% .yield i)| eo|t»)|, 
the piperidinedione, m.p. 89-90°. '' " ' ''''' 
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acid is 


hour (until bubbling stops). During this tunc 1.9 g. jj' 92 

collected. The pressure is reduced, and the product . 

100°/2 mm., yielding 3.8 g. (87%) of the ar.ctidinonc^ ^ 

l,4-Diphenyl-2-azetidinonc(Cycli7.ationof ap-. 04 ml 

mixture of 1.2 g. of ^-anilino-^-pheuylpropionic 
phosphorus trichloride is refluxed for one-half hour. 


of 

The reagent is then 


jspiiorus rricmonue ib tTiiiumv 

aoved as completely as possible under reduced pressure, ai ^ jjj 
, , _ in.ml norlious of water and cijstam/x 


remov . ^ * 

residue is triturated with two 15-ml. portions of 
from cold methanol. The yield of ^-lactam, m.p. 


15“^! 


O.Gg. 


l-Benzyl-4-phenyl-2-azetidinone(CycH7,ation of a "10 

Ester).!'' To a solution of 8.01 g. of ethyl ^-''cnzylaminohydrocmnm ^ 


m 70 ml. of dry ether is added 14 ml. of a 2.V solution of ° 

bromide in ether as rapidly as the evolution of gases permits. ^ 1 

that results is allowed to stand at room temperature for nine ■} 
and is then decomposed by cautious addition of an excess o 
aqueous ammonium chloride. The mixture is agitated until a 'C ^ 
dissolves, and the ethereal solution is separated and washec v i 
small portions of water. The aqueous washes arc extracted n it i ^ 
and the ethereal solutions are combined, dried, and evaporated to cons . 

weight. • fl by 

The neutralization equivalent of the residual oil is dctcinnnc 
titration ndth standard hydrochloric acid. From the neutiahza 10 
equivalent, the amount of standard (ca. 4JV) ethanolic hj'drogen c i 011 
requhed to neutralize the free amino groups is added to the oil. t o 
the ethanol is removed by evaporation under reduced pressuie. ^ 
residue is triturated with 25 ml. of ether, and the ethereal solution 1 
separated from the hydrochloride by filtration. The filtrate is evaporate , 
and the residue is extracted with boiling ligroin. The ligroin is evapoi ate ^ 
from the extracts, and the liquid remaining is distilled. The j'ield o 
slightly yellow l-benzyl-4-phenyl-2-azetidinone, b.p. 145 - 150 ° /2 mm., rs 
3.0 g. (45%). 

REACTION OF IMINES WITH a-BROMOESTERS AND ZINC 
In 1943 it was discovered that the reaction of benzylideneaniliue v itb 
ethyl bromoacetate and zinc produces a |3-lactam, l, 4 -diphenyl -2 
azetidinone (XV) , in 56 % yield.!" Little work has been done to determine 
C|;H5CH=NC6H5 -f BrZnCH2C02C2H5 HoC CO 


H5C0CH- 


-NC„Hr, 


Gilman and Specter, J. Am. C7iem. Soc., 65, 2255 {1943). 
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the scope of this synthesis altliough n number of /9-lactnms have been 
prepared by this method in yields ns high as 85%. There is a strong 
resemblance between this reaction and that discovered b}' Breckpot in 
that both probably proceed bj' nucleophilic attack of an intermediate 
amide ion on the carbnlkoxjd function with displacement of alkoxide ion 
and simultaneous closure of the ^-lactam ring. 


Experimental Procedure 

l)4-Diphenyl-2-azetidinone.^® A solution of 36.2 g. of benzylidene- 
aniline in 200 ml. of dry toluene is heated to boiling with 13.5 g. of 
sandpapered zinc foil and a ciystal of iodine. Three mUliliters of ethyl 
hromoacetate is added, and on stirring an exothermic reaction sets in. 
An additional 20 ml. of the bromoester is added at a rate such as to main- 
tain gentle refluxing. tVlien the addition is complete, the mixture is 
heated to reflux for one-half hour. The reaction mixture is hydrolyzed 
^ith 200 ml. of concentrated ammonium lydroxide, and the to ^ 
laj'er is separated, washed successively with water, dilute ly oc one 
^cid, sodium bisulfite solution, and water, and finall} evapewa 
^ess. Two recrystallizations of the residue from methanol afford 
^-lactam, m.p. 153-154'’, in 56% yield. 

direct combination of ketenes with imines 
reaction of ketenes. in particular 

^th immes provides a good route to ^ je reacts readily 

and bi-cyclic /3-lactams. Diphenylketene fo crystalline 

With benzylideneaniline at room tempera ■ 1 ^ 2 % jneld.*^ 

J-lactam, l,3,3,4-tetraphenyl-2-azetidinone (X 

This Was the first known /3-lactam. 

(C,H5)2C=C=0 + CoHjCH^NCeHs -> (CsHslgC CO 


=0 


H.CeCH— NCeHg 


XVI 


„xu„].z,i6,i7ordiphenyl-ketene,2A4.i8 

this method have been made from dim ^ . , gchiff bases derived from 

^vhich seem in general to react smoothly with 

Staudinger, An»., 356, 51 (1907). reported as /J-Iactams in the literature 

" None of the substances that had been pro' ^hese cases are discussed m ref. 4, 

really appears to possess the ^-lactarn a 
PP. 982-984. JPQ7J 

Staudinger and KJever, Ber., 40, ^ 3172 (1951)* 

Holley and Holley, J- Am. Chetn. Jign). 

Staudinger and Jelagin, Bef.f 44, 
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aromatic aldehydes or ketones and aromatic amines. 

have been used in this synthesis include diethjdkctcnc, e ^ ^ 

keteue,"-.“ phenylcarbomcthoxyketcne;-" for 

biphenyleneketene,- and ketene itself.-® The ore ci o ^^j^gj.,ni„ed 

several of these ketenes toward bcnzophcnoncaiiil has bee 

by Staudinger to be as shown below. This order of icac im } 


o 

c=c=0 >(C,H5)„C=C=0 >C5H5(CH3)C=C=0S^(CH3 )oC=C=0 

that observed by Staudinger in the reaction of es 

alcohol.^ Ketene itself is much less reactive than the substi u e 
which have been studied, for the coupling of ketene iiith enzj 
aniline takes place only at temperatures near 200°.-® 

The successful use of raonosubstituted ketenes, “aldoketencs, 
synthesis of |3-lactams has yet to be reported. This is not suipiJ-^ 
because monosubstituted ketenes react with imines extrenielj ^ s o 
and even under mild conditions show a great tendency to poljnneuze. ^ 

The scope of the ketenc-iniine method for making |3-lactanis is 
drastically by the tj^ies and number of imines that can react to foini ^ 
desired products. All but one of the ^-lactams which have been pi 
by this method have been obtained from imines in which both the car o 
and the nitrogen atom of the imino linkage arc substituted by 
groups. No systematic study has been made of the effect of 
substituents on the aromatic groups, although Staudinger has found ’ m ' 
the reactivity of benzylidene-p-nitroaniline with diphenylketeiie is s ig 
compared to that of benzylideneaniline. A p-dimethylamino substituen > 
on the other hand, appears to increase the reactivity of aromatic c 
bases. Perhaps it is also significant that acetophenoneanil is mucli cs 
reactive to diphenylketene than is benzylideneaniline, although benzo 
phenoneanil is much more reactive.- 

Several other types of compounds containing the imino group, cs oi 
example the imido chloride XVII, the phenylhydrazone XVIII, and t le 
oxime-ether XIX were found to be unreactive.^A* 


C,H5C=NC3H5 

Cl 

xvii 


C3H5CH=NNCbH3 


CHoCeHs 

XVIII 


Staudinger and ^laier, v4,nn., 401, 292 (1913). 
Staudinger, Ber., 50, 1035 (1917). 


CoHsCH^NOCHg 


XIX 
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The presence of a sulfur substituent on the carbon of the imino grouping 
does not prevent /5-lactani formation. The imido thioester XX reacts 
readily vith dimethylketene to give the y?-lactam XXI in 60% yield. 


(CH 3 ) 2 C=C =0 + C 6 H 5 C=NC 6 H 5 ^ (CHglaC-CO 

SCH, HsCg^NCgHj 

^ I 

SCHg 


In a single instance a fused /5-lactam-thiazolidine (XXII) has been prepared 
from 2-phenyl-2-thiazoline and diphenylketene.^i This ^-lactam served 
a key model compound in the infrared studies on the structure o 

(CeHslzC— C CHg 

io— N CHg 

X.VII 


(^6115)20=0=0 + HjOeO CHa 


N OH, 


peniciUin.22 Substitution of 

reaction with 2-phenyl-2-thiazoline does no „ 

/?-lactain but, as mentioned p^e^^ously, a ' eparntion of fused 

Although considerable studyMias been m combination of 

^-lactam-tliiazolidines closely related P (XXIH) and methyl 

ketenes with suitable tliiazolmes [e.g., ‘ successful results 

o.5-dimeth5d-2-tluazoline-4-carboxylate (A.a /j. 

have been reported. 


/ \ 

HO OH, 

11 i 

X CHj 

XXIII 


HC C(CHy)i; 
CHCOjCHg 

xxi'" 


fr- 1-1 Hie re.action of Icctcncs vith imincs is of 

There arc two cases in vlucn of diphenylkotene vith 

special interest. The first is in jcacl to the /j-Iactani XXI'' 

ninnainvlideneaniline which has e.xpccteil from 1,4 addition i 

in.stead of the < 5 -lactam XXM to 


U 

u 


4 , p. 91>C. 
f. 4 , p. 40 :>. 

^‘•'nicUltn Prt>jri\ni Krj'ort, 


14. 
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The occurrence of 1,2 instead of 1,4-addition strikingly demonstrates the 
increased ease of formation of highly substituted ^-lactams. 


(C,-a,)^C CO 

C8H5CH=CHCH— NCgHs 


(CeH,)^ CO^ 

HsCgCH NCgHs 

CH=CH 


XXV XXVI 

The reaction of ethylcarbethoxyketene (XXVII) with benzjdiden ^ 
aniline occurs readily at — 10° to give a crj'stalline 1 : 1 adduct u uc 
not the |3-lactam XXVIII and which was formulated by Staudinger as 
XXIX. The adduct is unstable and decomposes slowly at room tenv 
perature into the original imine and ketene. Upon heating this compou 


C2HbC=C=0 

1 

COaCaHg 

XXVII 


CoH.OoCC CO 

1 1 

HgCgCH-NCgHg 

XXVIII 


C 2 H 5 

C^HgOaC^CO 

1 I 

HgCgN-CHCgHg 

XXIX 


at 170° the isomeric /3-lactam XXIUII is formed. The /5-lactam can 
also be obtained directly from the ketene and the imine at 180 . 
present there is no cogent evidence in favor of structure XXIX for 
unstable adduct, and structure XXX must be regarded as being at least 
equally possible. 


CjHgOC^: 

/ 

O 

\ 

HgCgCH- 


CC^Hg 

CO 

/ 

-NCgHg 


XXX 


Phenylcarbomethoxyketene (XXXI) which might be expected to be 
more reactive to 1,2-addition than ethylcarbethoxyketene yields a 
^-lactam directly with benzylideneaniline. No intermediate product has 
been isolated. Dicarbethoxyketene (XXXII), on the other hand, does 
not appear to afford a /3-lactam with benzylideneaniline under any 
conditions. 


(C2H502C)2C=C=0 CgHgCHgCONHCOCHaXa 

XXXIL XXXIII 

Several unsuccessful attempts have been made to form / 3 -lactams by 
e com mation of imines with the rearrangement products, presumably 
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ketenes, of diazo ketones. The reaction of phenylacetylcarbamyldiazo- 
methane (XXXIII) with methyl 5,5-dimethyl-2-thiazoline-4-carboxylate 
in the presence of silver oxide, which might have afforded methyl benzyl- 
penicillinate, produced a complex mixture which had little or no 
hioactivity.24 

Experimental Procedure 

2,a,o-Triphenyl-2-thiazolidineacetic Acid (3-Lactam.^ Three and 
nine-tenths grams of diphenylketene^® is added to 3.3 g. of 2-phenyl-2- 
thiazoline.26 After five minutes the spontaneous heating ceases, and the 
mixture is warmed to 60-70° for five minutes. The product is taken up 
in warm toluene, diluted with low-boiling petroleum ether cooled 
to give 4.5 g. of the /3-lactam (63 % yield) as a colorless solid, m.p. 14U i ^ . 


REACTION OF KETENES WITH NITROSO COMPOUNDS 
During the course of an investigation of th^^^reaction 
mtroso compounds, Staudmger and Jelagm fioRRo/ yield of a 

3'mounts of diphenylketene and nitrosobenzene gave a o j ^ 

P«ducUssig„LstLtar,XXXIV,a„dthata2:l.»ol»»W‘^^^^^^^ 
g nitposo compound gave a mixture „„ XXXV.>» It 

XXIV together with a smaU amount of diphenylketene 

vas suggested that the /3-lactam is formed by ^gpj,j.boxylation of the 
to benzophenoneanil which is produced by 

(CeHsla^CO 


(CeH, 


,C— CO 


■5I2. 

I 

o 

XXXIV 


-NCeHg 


(CeHslgC— NCgHs 


XXXV 


HsCgN-O 

XXXVI 


intermediate XXXVI. P-D™®thylaromonitrosobenze^ ^ 

tound to be more reactive than nitroso jjgj,y]]jetene and yielded 

the ^-lactam when treated with two mo ^ derivatives of secondary 

no product corresponding to XXXIV. ai..^iQniine do not react witli 
amines such as diphenylamine and m 
*tiphenylketene to give / 3 -lactams. 

am agid 

reaction^ofan^im^in^y amine 

f /3-lactams, developed 111 connection 
One of the most recent syntheses o jj^volvcs the combination of an 
)'’ith the problem of penicillin loss of hydrogen chloride, 

'mine or thiazoline and an acid c 1 

'' nof. 4 , p. 990. 

” Org. Sgnlhe-sen, 20 , •!" (lOlO). ^ (1935). 

■* IVonker, J. A m. Chrrn. Soc., 6 <. 
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in the presence of a tertiary amine."-’.=^» An example of 

the reaction of benzylideneaniline mth phthaloylg y^y ^ ^7etidinone 

presence of triethylamine to give l,4.diphenyl-3-phthahmr^^^^ 

(XXXVn) in 50% yield."-’ The reaction proceeds rapidlj a 
perature in inert solvents. By hydrazinolysis of the phtha > ^ ^ 

XCH,C0C1 + C,H5CH=NCeH5 H^C^CH-KCgHs ^ 

+ (C^HsigN ^ XCH— CO 

XXXVII 
X — Phthalimido 

the phthalimido ^S-lactam XXXVH can be converted to an ammo 
^-lactam and thence to other acjdamino derivatives.^' 

Thiazolines bearing a 2-aryl or 2-carbalkox5^ substituent ^ 
^-lactams in this reaction. Thus, 2-phenjd-,^® 2-p-nitropheny , 
2-furyl-thiazolines^'’ react with phthaloylglycyl cldoride and triet ij 
to give good yields of the corresponding jS-lactams. 


R 


XCHjCOCl -t- C 




CH, (CjHjijX 


B 

XCH— C CHg 

1 1 1 

CO— N CHa 


N CHa CU— ix '-/X12 

The synthesis of a 5-phenylpenicillin (XXXIX) has been carried out } 

this approach, using methyl 2-phenyl-5,5-dimethyl-2-thiazoline-4-cai^ 

boxylate (XXXVIII) and succinylglycyl chloride as indicated belov . 
CeHs 


XCH„COCl 




CgH 


CiCHjia (CjHjijX 


N 

xxxvni 
X = succinimido 


-CHCOaCHa 


XCH- 

1 

co- 


i;\ 

C C(CH3)a 


-N- 


-CHCOaCHa 


1. OH-;H+ 

2. CHjXj 


C,H, 
,S 


< 

l/‘ 


CHgOaCiCHaiaCONHCH— ^ ClCHgla 

-CHCOaCHs 


CO— N- 
XXXIX 

I' Sheehan and Ryan, J. Am. Chem. Soc., 73, 1204 (ioSl). 
tj R.van, J. Am. Chem. Soc., 73, 4367 (1951). 

so T Henery-Logan, unpublished results. . , , 

pa r, Thesis, Massachusetts Institute of Technology, 1951; J- A. Erichsoi , 

SI Institute of Technology, 1953. 

p cu Corey, Laubach, and Ryan. J. Am. Chem. Soc., 72, 3828 (1950). 

- Sheehan and Laubach. J. Am. Chem. Soc., 73, 4376 (1951). 
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The acid chloride-thiazoline reaction is apparently very sensitive to 
the nature of the ring substituents. No lactam was isolated with 
thiazolines possessing a hydrogen, sulfhydryl, or chlorine substituent in 
the 2-position.33 In addition, the reaction proceeds better with 2-pheny - 
2-thiazoline than with methyl 2-phenyl-5,5-dimethyl-2-thiazolme-4- 
carboxylate, while ethyl 2-phenyl-2-thiazoline-4-carboxylate 
JTiediate in behavior. Thus, the yields of y?-lactam obtained wit t 
three thiazolines are 50%,^^ 20%, and 34%^® respectively. 

To date the acid chloride-imine synthesis has been applied ^ n pn 
synthesis of acylamino |3-lactams. The acid chlorides that ^ a , 
used successfuUy in the reaction include phthaloyl- Ld 

chloride, 5-phenyl-2,4-diketo-3-oxazolidineacetyl ® 

2-benzylidene-4,5-diketo-3-oxazolidineacetyI chloride )■ 

two substances were employed because the heterocyc c sy , 

they contain can be degraded, once the ^-lactam ring as ee ^ 
tte phenylacetybmido subatituent which - bTIe 

penicillin (II, R=:C6H5CH2). These degradations are i 

accompanying formulas. C rHs 


CsHsCH 

OC—CO'^ 


96?5 


I/' 


.. \ 

,NCH— C CHj 

CO— N CH, 


bnh^ CgHsCHgCONHCH— C 


1/ 




CH, 


HsCgCH CO 



(^0-N— CHa 


KMnOj 


CeHs 
SO, 


O.H,CH,CONHCH-0 OH, 

CO— N CHg 


O N— CH— C 

CO CO— N CHj pid chlorides of the type XLII 

It is important to note that chloride-thiazoline synthesis 


ere not generally available for use in tne » ^ qq 

ech,oohhoh,coci koh,conhoh.co,h ^ 

XLII 


CHjR 


XLIir 


heehan and co-w^kcre. Soc.. 73. 1952. 

in. Hill, Jr., and Buhle, J- ^ Institute of a 

rohneon, Ph.D. Thesis, J^sa ^ ^-52 (1951). 

in and Laubach, J. Am. ,3 475O (1951)- 

,n and Corey, 
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since attempts to obtain them from the corresponding acids nsuall} 
formation of salts of azlactones (XLIII). Thus, it is necessary to emp J 
systems in which the nitrogen atom is protected from azlactoniza 
the presence of a suitable blocking group. , 

Benzenesulfonylgl 3 ’cyl chloride (XXiIV) and carbobenzoxj § ^ 
chloride (XLV), which cannot azlactonize but w'hich possess an unp 
tected nitrogen atom, react with benzjdideneanUine to form 4 -imidazo on 
in ^•ields of about 75%.^® 

R 




RXHCHoCOCl 


CHCrH,; (C.Us) 3?>' CHa^HCgHg 




CO — ^XCgHg 


XLIV R = CjHsSO. 

XLV R = CjUjCHjOCO 

Although it is clear at present that the acid cliloride-imine (or tliiazoline) 
reaction is bj’ no means general for acid chlorides or imines, the exact scope 
of the reaction is still unkno^^•n. In addition, notliing is kno^^'n abou 
the mechanism of the reaction. Under some conditions there ha' e been 
isolated crj'stalline bj’-products wliich have been tentativelj’ formulate 
as acj'l derivatives of enolized piperidinediones on the basis of eleroenta 
and infrared analv-sis.^s.ai The formation of such by-products wn 
usualh' be minimized b'" working at very liigh dilution and operating 
V ith retlu.xing chloroform rather than methjdcne chloride as t c 
solvent 
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T 32 

2-Phenyl-a-succinimido-2-thiazolidineacetic Acid p- actam. 

To a solution of 1.63 g. of 2-phenyl-2-thiazoline2« jn 10 ml. of methylene 
chloride (dried over Drierite) in a 200-ml. three-necked flask is a 
1.85 g. of succinjdglycyl chloride in 25 ml. of methylene chloride. o 
rapidly stirred solution at reflux is added thi’ough a high-dilutioii y 
a solution of 1.02 g. of triethylamine in 50 ml. of methylene chlori e ov 
a six-hour period. The resulting amber solution is ™ 

reduced pressure to a brown magma, which is shaken wi 1 1 -jg 
benzene. The colorless, crystalline residue of b^^biylammoniurn 
(■■50 8.. ca. 100./,) is reeved by ffltration. .nd the »nc.„trs^d 

to a brown oil which partially crystallizes on stan g „iio^ved to 

The mixture is triturated with 20 ml. of 50o/o aqueous aUowed^^^^ 

stand overnight, and filtered. The ^"‘^^’^g^ystallization from 
m-p. 148-160°, weighing 1.70 g., is lactam, m.p. 

dioxane-water (Norit). The yield of essentiaJJy p 
166-168°, is 0.9 g. (30%). 

. T A /-VT aMINOMALONIC 

DEHYDROHALOGENATION of N-Ct-HALO 

esters ^ 

Another reaction sequence by which a . Ljj of a substituted 

establishment of an amide linlrage by chloroace closure by the 

aminomalonic ester and subsequent base-ca a ^ jg furnished by 

formation of a carbon- carbon bond. A sp®® ^a.^zetidinone (XL VI) 
the preparation of l-phenyl-4,4-dicar e 

from anUinomalonic ester. xi ^ 

^ r H NCHlCOgCgHgia 

CeHsNHCHlCOgCoHglj + (ClCHaCOlaO ->6 5 

^ ^ COCH 2 CI (92%) 

(C.n5)3N 

HsCsf ClCOoCgHg), 

IgCgN CHCO 2 C 2 H 5 Lo-C)H, (95%) 

(:o— ( 3 H 2 

XLVii N-suhstituted nniinomalomc 

.. 4-r* hp general ^ ^Kfnined are invanal>ly 

eaction appears to oe ^ yields obtain 

■acylated ,rith ..ha!o.oid.. 

• L dimeric or linear Jport.nt .ince Ir.cthy cm .no 

* „.tnre of th. b.* "“f”); 

mine, benzylamine, a pssjisso). 

and Herrick, --I"'. Chrr^' ,,350). 

,an and Bose. .T. am. Ch^' 73. 1761 (ICoD- 
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hydroxide all have been used successfully in the ring-closure.^i The 
^?iactams obtained by this process can he converted to ® 

a single carbethoxyl substituent, e.g. XLVII. by selective hydrolysis of 
one ester function and decarboxylation of the resulting acid. 

This method of synthesis, although efficient, is obviously restricted to 
the preparation of |5-lactams which possess one or two carboxyl ^nnlar) 
functions at the 4.position. A further limitation results from the fact 
that N-unsubstituted N-haloacylaminomalonic esters containing a 
hydrogen atom attached to the nitrogen atom, such as XLVIII, apparen y 
do not undergo cyclization upon treatment with tertiary amines or other 

1d&iS0s 

C1CH2C0NHCH(C02C2H5)2 


Experimental Procedure 

l-Phenyl-3-ethyl-4,4-dicarbethoxy-2-azetidinone.^^ A solution 
of 2 g. of a-bromo-n-butyric acid, 1 ml. of phosphorus trichloride, and 2 g. of 
diethyl anilinomalonate^^ jn 50 ml. of benzene is heated under reflux for 

two hours. After removal of the solvent, the residue is taken up in 
ether and washed with 5% aqueous sodium carbonate. Evaporation 
of the ether affords 2.84 g. of crude diethyl N-(a-bromo-M-butyryl)- 
anilinomalonate as a viscous oil. A benzene solution of this crude material 
containing 2 g. of triethylamine is heated to 50-60° overnight. After 
removal of the insoluble triethylammonium chloride and solvent and 
evaporative distillation of the residue at 130-145°/0.4 mm., 2.29 g- 
(78% yield based on the malonic ester) of /S-lactam is obtained as a color- 
less, viscous liquid, 1.5108. 


MISCELLANEOUS SYNTHESES 

An unusual approach to the ^-lactam ring system is provided by the 
reaction of diazomethane with isocyanates. Diazomethane and phenyl 
isocyanate combine, in a manner reminiscent of the formation of cyclo- 
butanone from ketene and diazomethane, to form l-phenyl-2-azetidinone.^^ 
p-Bromophenylisocyanate is also converted to a |3-lactam under these 
conditions. The reaction does not appear to be general, however, since 
no ^-lactam could be isolated from the reaction of diazomethane with 
either a-naphthyl-, p-nitrophenyl-, benzyl-, or benzoyl-isocyanate. 

Several ^-lactams have been prepared by modification of the substituents 
present in preformed ^-lactam systems. Examples were mentioned in 
BInnk. Her., 31, 1812 (1898). 

“ Shcclmn and Izzo, J. Am. Chem. Soc., 70, 1985 (1948); 71, 4059 (1949). 
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the preceding sections. Perhaps the best-known example of such a 
conversion, however, is the sjmtliesis of methjd desthiobenzylpenicillinate 
(XLIX) bj^ desulfurization of methyl benzjdpenicillinate with Raney 
nickel.'' 


CeHsCHjCONHCH- 


/ \ 

-CH C(CH3)2 


CO N CHCO„CH„ 



CfiHsCHaCONHCH— CH2 CH(CH3)2 


CO— N CHC02CPr3 


XLIX 


Oxidation of fused / 3 -lactam-thiazolidines produces, in general, the 
corresponding / 5 -lactam-thiazolidine-l, 1 -dioxides in good yield.^ 

FinaUy, a number of /5-lactams substituted by cyclohexyl groups have 
been prepared by catatytic reduction of the corresponding phenyl- 
substituted /5-lactams.^ 


TABULAR SURVEY OF SYNTHESES OF p-LACTAMS 

An attempt has been made to collect in the following tables all example.s 
of /3-lactam syntheses that have been published before 1953. A few 
syntheses published subsequently are also included. Table I includes 
monocyclic /3-lactams, and Table II the fused ^-lactam thiazolidines. 
The sections of each table are arranged in a sequence determined by the 
number of substituents on the /9-lactain ring. The fo owing ^J-bbreviaiionfi 
are used for preparative methods: A, cyclization o famine acid ostonj 
with organometallic compounds; B, cyclization o p acylamino acids; 
C, from /3-amino acids; D, from imines, a-bromoesters, and zinc; 
ketenes and imines; F, from ketenes and niteoso compounds; 6', from 
acid chlorides, imines, and tertiary amines; H, dehydrohalogenation ,jf 

N-a-haloacylaminomalonic esters; I, from isocyana es an ^i^zomothurif,- 
J, from a preformed /3-lactam. 
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Monocyclic /S-Lactams — ^Azetidinones 
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^-Lactam (Substituents on Azetidinone Ring) 


Yield, Method of Refer- 
% Preparation ence 


Trisubslituted — Continued 


l,4-Diphenyl-3-amino (hydrochloride) 

54 

J 

27 

l>4-Diphenyl-3-phenylacetamido 

66 

J 

27 

l)4-Diphenyl-3-(2'-benzylidene-4',5'-diketo- 

17 

J 

37 

3'-oxazolidyl) 

16 

G 

37 

1,4-Diphenyl- 3- ( 3 '-nitrophthalimido) 

64 

G 

27 

l>4-Diphenyl-3-dimethanesulfonamido 

39 

G 

38 

l,4-Diphenyl-3-methanesulfonamido 

— 

J 

38 

Telrasubstituled 

l>3,3-Trimethyl-4-phenyl 

65 

B 

3, 4 

l-Benzyl-3,3-dimethyl-4-phenyl 

10 

E 

3 

70 

C 

4 


50-60 

B 

3 


1.4- Diphenyl-3, 3-dimethyl 
l>4-Diphenyl-3, 3-diethyl 
lj4-Diphenyl-3-ethyl-3-carbethoxy 
L3,4-Triphenyl-3-carbomethoxy 

1.3.3.4- Tetraphenyl 
L3,3-Triphenyl-4-styryl 

l-Phenyl-3,3-dimethyl-4-p-dimethylaminophenyl 

l-Benzhydryl-3,3-dimethyl-4-phenyl 

l-Phenyl-3,3-dimethyl-4-styryl 

l-p-Nitrophenyl-3,3-dimethyl-4-phenyl 

l-EthyI-3,3-dimethyl-4-phenyl 

L3,4-Triphenyl-3-methyl 

l-Phenyl-3-methyl-4,4-dicarbobenzoxy 

1 -Phenyl-3 -ethyl-4, 4-dicarbethoxy 

Pcntasubslilutcd 

Pentaphenyl 

l-p-Diniethylaminophonyl-3,3,4,4-tetraphcnjl 

1.4.4- Triphenyl-3,3-dimethj’l 

1.4- Diphenyl-3,3,4-trimcthyl 

1. 3 . 4 . 4 - Tet raphony 1 - 3 -me thy 1 

L4,4-Triphenvl-3,3-o-biphenylenc 

1.4- Diphcnyl-3,3-dimcthyl-4-methjlmercnp 

** Staudingcr nnd Kurickn, .4nn., 3S0, 301 (I- ) 


ca. 90 
ca. 90 
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INTRODUCTION 

In the middle eighteen nineties three groups of chemists independently 
discovered a new cyclization reaction of certain appropriately constituted 
diazonium salts. Fischer and Schmidt^ reported that an aqueous 


O 



solution of 2.benzylbenzenediazonium chloride (I) furnished fluore ne (II) 
on eating. Graebe and XJllmann^ reported that 2-benzoylbe nzene- 


^ Fischer and Schmidt, Ber., 27, 2786 (1894), 
* Graebe and Ullman, Ber., 27, 3483 (1894). 
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diazonium chloride (III) yielded fiuorenone (IV), and StaedeP reported 
a somewhat similar result from the action of nitrous acid on 2,2'-diamino- 
benzophenone, a reaction that produced a httle 1-hydroxyfluorenone. 
Two years later Robert Pschorr^ applied the ring closure reaction to the 
diazonium salt derived from tra7W-2-amino-a-phenyIcinnamic acid (V) 
(aryl groups cis) to obtain phenanthrene-9-carboxyhc acid (VI). The 
principal utility of these cychzation reactions has been the synthesis 
of substituted ring structures in which the positions of the substituents are 
kno^vn. In a series of papers Pschorr®"^^ reported the application of the 
reaction to the synthesis of a large number of phenanthrene derivatives 
■\vith special emphasis on morphine degradation products. Although 
Pschorr was not the first to use the reaction, he was the first to exploit it 
extensively for the determination of structure. The phenanthrene 
synthesis, appropriately knovn as the Pschorr reaction, is still the best 
known of the various diazonium cychzation reactions. Various aspects 
of the cychzation reactions of diazonium salts have been reviewed 
previously.22-25 

MECHANISMS OF THE REACTIONS 

Comparison with the Gomberg-Bachmann Synthesis 

Intermolecular analogs of the cj'^clization reactions have been recognized 
for many years. Pschorr* pointed out their similarity to the biphen}'! 


’ Staedel, Ber., 27, 3362 (1894). 

* Pschorr, Ber., 29, 496 (1896). 

^ Pschorr, AVolfes, and Buckow, Ber., 33, 162 (1900). 

' Pschorr, Ber., 33, 176 (1900). 

^ Pschorr and Sumuleanu, Ber., 33, 1810 (1900). 

* Pschorr and Jaeckel, Ber., 33, 1826 (1900). 

* Pschorr and Buckow, Ber., 33, 1829 (1900). 

Pschorr, Soydel, and Klein, Ber., 34, 3998 (1901). 

Pschorr and Schroter, Ber, 35, 2726 (1902). 

Pschorr, Seydel, and Stohrer, Ber., 35, 4400 (1902). 

Pschorr and Vogtherr, Ber., 35, 4412 (1902). 

** Pschorr, Stahlin, and Silberbach, Per., 37, 1926 (1904). ^ 

Pschorr, Tappen, Hofmann, Quade, Schutz, and Popov.c, Ber., 39, 3106 (1906). 
Pschorr find Busch, Ber., 40, 2001 (1907). 

Pschorr and Zeidler, Ann.t 373, 75 (1910). 

Pschorr and Knoffler, --Inn., 382, 50 (1911). /minv 

"Pschorr, Selle, Koch, Stoof, and Treidcl, .4nn. 391, 23 (191.). 

=" Pschorr, Zeidler, DickhHuser, Treidcl. and Koch, Ann.. 391, 40 (191-). 

« Avenarius and Pschorr Per and Their Teehnieal AppUealionr, 2d ed.. 

"Saunders, The Aromatic Diazo-compounac ana 

p. ^4 Longmans. Green * Co., p. ; 31 . Ferdinand Enke, Stuttgart. 1947. 

Reinhold Publishing Co.. Xew York. 1910. 

** Leake. Ckem. Revs.^ 56, 27 (1956). 

Hoy and Osbond, J. Chem. Soc.^ 1949, 3 
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syntheses of ^lohlau and Berger-® which employed a diazonium salt, an 
aromatic solvent, and anhj'drons aluminum cldoride, and to those of 

+ Na -h H+ 

Kirhling and of Bamherger-’ which were forerunners of the Gomberg- 
Bachinann react ion. iMore recently the analogj' has generally been drawn 
with the Gornbcrg-Bachmann reaction itself-®’^® a typical example of 
which is the preparation of m-nitrobiphenyl by the reaction of m-nitro- 
benzenediazonium chloride, benzene, and alkali in a two-phase sj^stem. 


NOo 

Tlierc are, however, a number of points of difference between the 
two-phase, alkaline, Gomberg-Bachmanu reactions and the cyclization 
reactions. Many of the cyclization reactions, c.g. the fluorenone sj'ntheses, 
arc carried out in acidic solutions. Such systems are initially single 
phase and only incidentally become multiphase owing to precipitation 
of reaction products. The P.schorr reaction is usually carried out in 
strongly acidic solution in the presence of copper powder. In a few cases 
it has been carried out in a homogeneous alkaline solution. Thus, in 
considering the mechanisms of the c 3 'clization reactions, evidence con- 
cerning these intcnnolccular reactions is helpful but must be interpreted 
with due caution. 

Evidence for a Heterolj'tic Cyclization 

1 reliminar}' work on the mechanisms of the cj’clization reactions®®”®’ 
has shown that the fluorenone sj-nthesis as usu.ally carried out takes place 
In a heteroK tic®" (ionic) mcchani.sni as shown in the equation. On the 
other hand, the coppcr-cataK'zcd Bschorr reactions may occur by a 
homoljtic (free-radical) chain mechanism, though adequate evidence is 


^ ^ -f Nj -h NaCl 

NO^ 



V'o-Cl- 


or CU.CO^N.i 
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not yet available. The diazonium cyclization reactions therefore appear 
to belong to a lengthening list of reactions that occur by more than one 
mechanism. 

Evidence for a heterolytic fluorenone formation is derived from (1) 
general studies of the mechanisms of diazonium salt reactions and (2) 
specific studies of the fluorenone cj^clization reaction. 

There is good evidence based both on rate studies and on product 
studies with several diazonium salts that in water and in alcohols the 
thermal decomposition of the diazonium group is a heterolytic process 
under acidic conditions in the absence of light or of reducing agents, and 
that under alkaline conditions the decomposition takes place at least in 


part by homolytic processes. 

The evidence for a heterolytic mechanism for the thermal decomposition 
of several diazonium salts in acidic aqueous solutions is based on t e 
observation that the reaction is accurately first order over the full course 
(10-99 %)36-38 and is independent of the presence of or absence of a large 
variety of anions, or of acidity, over a considerable pH range, ihis 
independence rules out various homolytic mechanisms invo 3TO 

thetical intermediate covalent diazo compounds such as the diazo chloride, 
C.H.N=NC1, or diazo hydroxide. C.H,N=NOH, 1^0 di.zomum .»t.on 
itself can give rise to radicals only by reactions yielding ionized nitrogen 
or water molecules and hence requiring prohibhively high energies. Thus 
homolytic mechanisms are excluded by the kinetic evi en 
C6H5N2+ CeHs’ + 

C6H5N2+ + H2O -> CeHs- + (H:6:H)+ + 

-n n r T 1 . + 1 , 0 + bpnzenediazonium chloride reacts ivith 

Product studies show ^ (90-95%) of anisole.^s- 

methanol under acidic conditions t g product is benzene 

In the presence of sodium ace , . j J oxygen. Such results 

(85-90%), and the reaction is very sensitne to o.jg 

DeTar and Ballentine, J. Am. Chem. 

" DeTar and Kwong. J. Am. Soc.. 36, 948 (1940). 

Moelw-j’n-Hughcs and Johnson, dra ■ (losS); 78, 3925, 3928 (1930). 

=>» DeTar and Turetzkj-, J- Am. Chcm. Som, 11, 
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require a homolj^tic mechanism in the presence of the acetate buffer and 
a heterolytic mechanism under acidic conditions. 

In water the reaction of diazonium salts in the presence of alkali is 
highly complex, and the problem of unraveling mechanisms is difficult. 
However, the two-phase Gomherg-Bachmann reaction clearly requires 
some sort of homolytic mechanism as shown by the excellent orientation 
studies of Hej^ and his co-workers."*® The activating effect and the 
ortho-para directing effect of the nitro group of nitrobenzene afford 
perhaps the clearest single item of evidence in favor of a homolj'tic 
mechanism for the Gomherg-Bachmann reaction. 

The fluorenone ring closure occurs readily under acidic conditions. 
Accordingly, a heterolytic mechanism seems most probable. This 
hypothesis is easily subject to further experimental investigation bj' use 
of appropriately substituted henzophenones in the ring closure reaction. 
The thermal decomposition of the diazonium salts derived from 2-aniino- 
benzophenone in aqueous solution gave 65®/o of fluorenone and 35 ®^ of 
2-hydroxyhenzophenone, these tw'o products together accounting quanti- 
tatively for the starting material.®^ The product ratio and yield w'ere 
insensitive to temperature in the range 25-75°. These products are 
ascribed to two competing heterolytic displacement reactions of the 
diazonium nitrogen; the one, intermolecular, involving a water molecule 
as the nucleophilic reagent and the other, intramolecular, involving an 
aryl group as the nucleophilic reagent. 

Since a methyl group enhances and a nitro group diminishes the 
nucleophilic capabilities of the aryl ring, a methyl group should increase 
and a nitro group decrease the yield of fluorenone if the reaction is 
heterolytic. But, since the nitro group is an activating group for homo- 
lytic substitution reactions, ‘’® the ring closure should be more favored 



See akn^n!,T Williams. J. Chem. Soc., 1953, 3412, and earlier papers. 

,5^74 73, 1442 (1953); Dannley and Gippin. 

vad., <4, 332 (1952); Rondestvedt and Blanchard, ibid., 77, 1709 (1955). 
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with the nitro derivative if tlic reaction is honiol3dic. The 3'ields given 
in the equations show that the incth3d group of VIII is witliout efTect, 
though the nitro group of XI does diminish the fluorenone 3'iold. Tiie 
results are, therefore, in satisfactor3' agreement witli predictions based 
on a heterol3'tie meehanism for the ring closure. The small effect of the 
substituents on the product ratio and 3deld, kinetic evidence, and certain 
other product evidence have been citcd^i as favoring an loss of nitrogen 

rather than an aromatic S^y 2 t3'pc of replacement. 


Products of the Homolytic Reaction 


Under alkaline conditions the diazonium salts derived from 2-ainino- 
benzophenone can be expected to react to some extent b3’^ a mechanism 
involving homolytic C— N bond cleavage. AVith alkali present (pH 12), 
only about 25% of fluorenone is produced. A similar reduction in yield 
under alkaline conditions has been observed for many of the diazonium 
C3'clization reactions. In view of the demonstrated simultaneous 
occurrence of heterolytic and homol3'tic mechanisms, it is not at all 
certain that even these low 3'ields of fluorenone have resulted from 
free-radical intermediates. 

The usual h3'pothesis about the mechanistic details of the homolytic 
Gomberg-Bachmann reaction is shomi in the equation. The substituting 
radical is pictured as adding to the aromatic ring to give the new radical 


H 



XIV which loses a hydrogen atom to some other radical P^smit in the 
solution. The intramolecular version of this step (X\ XVI) miglit 



be exT,ected to occur even more readily by virtue of the proximity of the 
radical to the potential reaction site. Reactions in which there is closure 
of a five-membered ring usually occur much more readily than their 
intermolecular counterparts. For some unknown reason the o-benzoyl- 
phenyl radical (XV) does not undergo this cychzation reaction at all 
readily in comparison with competing reactions. Treatment of diazotized 
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2-amino-4'-methylbenzophenone (VIII) with alkali and with carbon 
tetrachloride leads to 3-methylfluorenone (IX), 2 -chloro- 4 '-methylbenzo- 
phenone (XVn), and 2-chloro-4-methylbenzophenone (XVIII). The 
2-(4'-methj’lbenzoyl)phenyl radical (XIX) evidently reacts with carbon 



XVIII (3%) IX (1G%) 



XIX XX 


tetrachloride to abstraet a elilorine atom to give 2-chloro-4'-methyl- 
benzophenone (XVII) and with itself by an intramolecular chain transfer 
step to give the isomeric radical XX, which leads to 2-chloro-4-methyl- 
benzopbenone (X^^III). Even if all of the 3-methylfiuorenone is ascribed 
to free-radical cyclization of XIX or XX, the free-radical cyclization is a 
relatively inefficient process. The chlorobenzophenones XVII and XVIII 
are not expected from a carbonium ion intermediate. Although the 
general possibility of chlorine abstraction from carbon tetrachloride by a 


carbonium ion intermediate has perhaps not yet received a really rigorous 
investiprtion, the formation of the cldorobenzophenone XVIII from the 
carbonium ion VII is unlikely in view of the ease with which this ion 
ejelizes. Inirther evidence pointing to inefficiencj' of the free-radical 
ej clization step is the fact that the Gomberg-Bachmann reaction of 
t iazotized 2-aminobenzophenone with benzene in the presence of alkali 
gives a 20” 0 yield of 2-phenylbenzophcnone (XXI) and little fluorenone. If 
t ie.=e n-actions are formulated ns radical substitution processes, it is strange 



XXI 
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that an intermolecular reaction should take precedence over an intra- 
molecular one, especially since the carbonyl group is expected to aid the 
cyclization process, for the carbonyl group is probably an activating group 
for free-radical substitution reactions.^® 

Preliminary studies of the Pschorr reaction with the diazonium salt 
derived from ci5-2-aminostilbene (XXII) have provided results quite 
different from the above.®^ The thermal decomposition in aqueous 
solutions gives low 3 ’'ields of nitrogen and of phenanthrene (15-40%), 
the yields being higher at 100° than at 25°. A search was made for a 
nitrogen-containing by-product which was thought likely to he 3-phenyl- 
cinnoline. The product turned out to be indazole (XXIII). Several 
workers had previously reported benzaldehj'de in reactions of this type, 
but no one had isolated the other cleavage fragment. These results 

then seem to typify the heterolytic process in the phenanthrene senes. 



If copper powder is present, the reaction is faster and the phenanthrene 
yield is higher (60-85%). It may be that the copper P S 

hemolytic Lein as has been suggested by Waters,- or perhaps some 
qnite different intermediate steps are involved. 

V , . 4. .-T, wnrk on the mecnamsm oi the 

homolytic process finds some support a free-radical 

reduction of diazonium salts with h^ p diazotized 

chain reaction that is imtiated by copp • ■nTipmnfUT.o 

c«-2-aminostilbene with hjTophosphorous aei^ e P ne 

not to m-stilbene.'‘2 Furthermore, sodium i yp ^ 

powder have been used in a number of Pschorr reactions. Examples are 
to be found in Table I. 


SCOPE AND limitations 
Examples of Different Types of Bridge 
The diazonium cyclization reaction 1ms been 

«f. /mnnv Uilmnnn and Gi>cli"ind, Jier., 41^ oogj /inf)o» 
Sachs and Hilport, jBfr., 39, 8^^ ^ ' logs ( 1930 ); £0, 3" (1937). 

KugpH and Staub, Hclv. Chitn. 

Simpson, CTjcm. 5oc.. 1943, ‘ll** 72, 3013 (1950). 

** Komblum, Cooper, and Taylor, 
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(The percentages following the Roman numerals indicate the yield of 
normal Pschorr cyclization products.) 



XXXI 62%*» XXXII XXXIII trace*' 


For the success of the cyclization reaction the carbon atoms that are to 
be linked together must be near each other. Perhaps the most favorable 
bridging group is the rigid ethylenic bridge of a cis-2-aminostilbene 
derivative (V and XXII). The corresponding trans ethjdenic derivative 
undergoes other reactions typical of the diazonium group,^"’^^ but is quite 



“ Fonrst and Tucker, J. Chcm. Soc., 1948, 1137. 

Cullmnne, Rec!. and Plummer, J. Chm. Soc., 1939, I5I. 
Upv anti Mulley, J. Chtm, Soc., 1952, 2276. 

•• lieacoek and Hey, J. Chem. Soc., 1952, 150S. 

* ScVi^tiy, Tlflv. Chim. .-Ic/a, 32, 24 (1949). 

Ji Wcitnancr, Hdr. Chim. Acta, 22, 1036 (1939). 

-larion nrul Gra<t?tic, J. .4m. CAem. Soc., 66, 1290 (1944). 
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incapable of giving phenanthrene. Hey and Mulley have calculated the 
distance of closest approach between the two relevant carbon atoms for 
several compounds (1.5 A for V and XXII, 2.0 A for XXIX, 2.2 A for I, 
and 2.4 A for HI).'*’ The calculated values are rather sensitive to the angle 
of the C — X — C bond of the bridge; unfortunately this angle is not 
accurately known for most of the systems of interest, and hence present 
calculations cannot be expected to have quantitative significance. How- 
ever, the estimates do clearly show that the stilbene derivatives have the 
most favorable spacing. There is a definite decline in yield of cyclie 
product with increasing bridge size as in the sulfide XXVII and the 
sulfone XXVHI, while the still larger selenide XXXIII gave only traces 
of cyclic product. Electrical factors seem to play a somewhat secondary 
role. The decrease in yield from 65% for fiuorenone (IV) or for 3- 
methylfiuorenone (IX) to 35% for the nitrofluorenones (XII)« is important 
practically, but relatively small as such effects go. (Compare the factor 
of about a million in the difference in the rates of nitration of benzene and 
of nitrobenzene.) For the most part the data available are insufiicient 
to permit an appraisal of the importance of the electrical effect of the 
groups present. Generally such effects may be neglected in planning 
a synthesis. 

However, there is one electrical effect that seems to be of some 
importance. When a hydroxyl group is ortho to a diazonium group, a 
diazo oxide is formed (XXXIV). An orfAo-quinoid structure is a possible 
resonance form even if the oxygen atom is part of an other (XXXV). 
Similar structures are possible with ortho amino groups Such structures 
may be responsible for resin-forming side reactions that often occur with 
compounds such as XXVI and XXXVI containing an oxygen atom or a 
nitrogen atom ortho to the diazonium function. 





XXXIV 



Side Reactions 

Bec„„ the 

o%»r i* „actio„= mo.. 

“ Ullmaim and Gross. Ber., 43, 2694 (1910). 
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Replacement of theDiazoniumGroup by Hydroxyl. This reaction is 
always a potential competitor. Example.s are the formation of 2-hydroxy- 
4'-methylhcnzophenone (X) and 2-hj’droxj^-3'-nitrobenzophenone (XIII), 
both of which were mentioned earlier (p. 414). 

Replacement of the Diazonium Group by Hydrogen. Tliis 
occurs in the pre.sence of reagents known to promote such a replacement. 
For example, sodium hj’pophosphite and copper convert diazotized 
ci.<i-2-aminostilbenc (XXII) into phenanthrene in an 80% yield.^^ 
However, this combination is of little use outside the phenanthrene 
scries since diazonium salts less susceptible to ring closure give the 
normal replacement by hydrogen. Diazotized s!/m-2-aminodiphen5d- 
ethano (XXI^^) is thus converted into sym-diphenjdethane rather than 
into 9,10-dihydroj)henanthrene.‘*- The use of alcohols as solvents also can 
lead to reduction. A copper suspension in aqueous or in organic media 
sometimes gives reduction products even though such obvious hydrogen 
sources as the alcohols are absent. 
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Replacement of the Diazonium Group by Halogen. The Gatter- 
mann reaction usually does not occur, but can compete if excess hydro- 
chloric acid is present. A recently suggested procedure involving 
formation and decomposition of a triazene sometimes gives chlorine- 
containing by-products.^® 



Coupling of the Aryl Groups. The Vorlander-Meyer®® coupling 
of diazonium salts leads either to biphenyl derivatives or to azobenzene 
derivatives. Ammoniacal cuprous h3'droxide is one of the best reducing 
agents for the coupling reaction when this reaction is desired. The 
coupling side reaction has not usually been reported, but may well be 
the cause of some of the low jdelds obtained. 


l| Acetone 


Cu 


CHaCgHs 





24® 


CHgCeHs 


+ o-HOCcH^CHjCyjn 


22 % 


+ CeHsCH^C^H, 


35 ® 



In addition to side reactions due to external agents, there are a number 

of side reactions that can occur intramolecu ar 3- . 

Formation of Xanthones. An alkox3-l group u le - -po.sition 
interferes with manv of the cyclization reaction the fluorenonc 

series the product is* a xanthone derivative, e.g. XXXMI.-.-.i, 


rather 



ORGANIC REACTIONS 


tl,au a llnorcnonc derivative. The failure of diazotized tra«s-2-amino-a- 
(•2'-fi.ryl)einnamic acid (XXXYIII) to give identifiable products may Have 



XXXVllI 


been a result of the occurrence of reaction at the oxygen atom rather 
than at the 3-pnsition of the furan ring.*'’® 

Elimination of Carboxyl and Nitro Groups. Examples of the 
elimination of 2'-nitro groups and of 2'-carboxyl groups have been reported. 
The ‘2'-nitro group of diazotized 2-amino-2'-nitrobenzophenone (XXXIX) 
is eliminated to an appreciable extent.'*' The 2'-nitro group of 2-ammo- 
2’-nitro.X.mclhyldiphenylaminc (XL) is largely eliminated if copper 

O 
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powder is used in the decomposition of the dinzonium salt, and largely 
retained if the copper is omitted.'’" Thermal decomposition in aqueous 
sulfuric acid solution of the diazonium salt derived from 2-amino-2 - 
carboxybenzophcnonc (XLI) in the jibsence of copper led to approxi- 
mately 10% yields eaeh of fluorenone and of fluorenone-l-carboxylic acid 
(XLII).“i Side reactions of these types seem to be less important in the 
phenanthrene series, though detailed product studies have 3 mt to be made. 
Thus several l-methoxj'- and 1 -carboxy-phenanthrene derivatives 
(XLIII— XLV) have been prepared by the Pschorr reaction.®’’ 


COzH 




XLIII 


XLIV 




Deamination in Phenanthridone Syntheses. An 

lydrogen abstraction and resultant ‘^®™®*jJ'^*j“\g^phenanthridones 

■eported®®’®* in an attempted preparation of 4- Incident- 

dly the phenanthridone ring closure has u y 

10 0 */ 

CO — NCHs 



Warm 

» ArN2'’'HS04 soiiT^ 


12 % 
CO— NH 


Acetone 

ArNj+BFr Cu powder 



. 1 „r,.nvl ring; the amide XLVI gave no 

te amino group is not in the benz y s 

lenanthridone. ® ® 


Sieglitz, Ber., 57, 310 (1924). 

Hill and Short, J. Chetn. Soc., 1937, 2 • (1954). 

Hoy and Turpin, Chemistry 4’ In ns ry, Soc., 1949, 1311. 

Forrest, Haworth, Finder, and 

Heacook and Hey, J. Chem. 33 1338 (1950). 

Chardonnons and Wurmli, Hdv. CMm. Acta. 
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Simpson^^ has discussed in admirable fashion the factors that lead to 
cinnoline formation rather than to carbon cyclization. The diazonium 
salt derived from ci5-2-(l'-naphthyl)-l-(2"-aminophenyI)-l-phenylethene 



Mil LIV 


(LI) reacted on av arming to give 2-phenyIclirysene (LII). TJie presence 
or absence of 9-(l'-naphthy]methylene)fluorene (LIU) Avas not ascertained. 
At room temperature 3-(l'-naphthyI)-4-pheny]cinnoline (LIV) Avas the 
Major product. Cinnoline formation, like the indazole (XXIII) pioduction 
obserA^ed AAoth diazotized cis-2-aminostilbene (XXII), CA'idently^ has a 
loAver activation energy than does loss of nitrogen, for nitrogen elimination 
is faAmred by high reaction temperatures. In general, the presence on 
the ethylenic bridge of electron-releasing groups aids and the pie.sencc o 
electron-attracting groups hinders cinnoline formation. With a carbo.vy 
group present on the bridge, cinnoline formation does not occur. 

Cinnoline ring closure occurs if an actiA'c meth5dcnic bridge is ’ 

the ketone LV gives the einnoline LVI rather than the phenanthrol LVl - 



1.A’ LA'I 


i,vn 
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[) 

If a secondary amino group is m a position ^ coupling will 

membered ring by coupling with the dmzoniuin the 

usually take place in diazotized 2-amino- 

forination of the triazine derivatuc LMU iro 


NC0H5 






LXI 



benzanilide,®® the formation of the thiatriazine derivathe 

diazotized 2-aminobenzenesulfonanilide,®- and the formation o^^ ^jj^Iion 

benzotriazole (LXI) from diazotized 2-aminodiphenylaniinc. ^^tized 

cyclization has been achieved in two of the examples. If the c la 

, ,T 'Vi of 2 -anuno 

2-aminobenzenesulfonanilide is heated, the sultain dbenzo- 

biphenyl-2-sulfonic acid is obtained. Furthermore, inanj 

triazoles such as LXI are converted to carbazole derivatives u 1 

nitrogen when they are lieated to 250-400°. 


sible 


Factors Affecting the Direction of Ring Closure 

In the cyclization reaction there are sometimes two or more 
products of the ring closure. Such possibilities alwaj'S arise 
substituents in the 3'- and 5'-positions of the aryl ring to which c 
made are not identical, providing that both the 2'- and the 6 -posi 
are free. Examples are given in the equations. Such reactions 
usually to be avoided. 

Konig and Reisscrt, Bcr., 32, 782 (1899). Sen, also, Pictet and Gonset, Arch, scu 1 
nal. Geneve. [4] 3, 37 (1897) (CTitm. Zenir., 1897, 1. 413). 

Graebo and Ullmann, ^nn., 291, 16 (1896). 
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i'pid (LXIX). 'I’lii! l-iinplitiiyl k«‘l<»iur LXX in wliich llio 2-j)o.si(ion is 
(Iocs, however, pivc' n .stiiiill viehl of the 1 ,S-cvcIizalion product 

LXXl. 


Witii a 2-implitliyI pronp, closure; tiihes pliicc; to llu; 1-position in 
preference to the .'!-position. Tliis is illnstnited iiy the reaction of diazo- 
tized trna.s.'J.)iiiiino-a-(2’-na])lithyl)(;innamic arid (LXXIl) to give 
primarily l)enzo[e|ph(;nanthrene-li-carlio.\ylic acid (LXXIII).''"’ 




Simultaneous Closure of Two Rings 

A few examples of the simultaneous closure of ta'C) rings have been 
reported. The m-phcnvlcncdiacctic acid derivative LXXV gave dibenz- 
[ajjanthracenc-G.S.dicarboxylic acid (LXXVI) and 2,2'.diamino-6,6'- 
fliphenylinjihcnyl (LXX^T^) gave dibcnzo[el]pyrcne (LXXVIII). 
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Aliphatic Analogs 

Simple aUphatic amines appear not (LxSx) 

and Tess’» report that the treatment of P ^ 

.vith sodinm nitrite in aqueous acet.c amd 

The details reported do not seem to exclude cntir ^ I gnyipropylamine 
fluorene production. The action of nitrous acid on 3-pheny Ipropj 

/~\ /~\ An-CihCOaR' [/ \—J \ L VHnCHaCHoXHa 

f ) ( ) NaKoT^ \ J \ / \ fj 

^nTT.NH„ CHoOH 


_f~\ Aq.CHaCOaH' \ / \ / ^CHnCHaCHoXHa 

^ ) ( ) NaNOj ^ \ / \ / \ /J 

CHoOH 

LXXIX 

(LXXX) does not seem to give any indane-^o However, 

ring closure involving 2-(2'-naphthyl)dia-Aoacetophenone si 

6-chrysenol (LXXXII) has been reported by Cook and S 



This reaction almost surely involves an intermediate aliphatic diazomum 
salt. 

EXPERIMENTAL CONDITIONS 
Preparation of the Amines 

The most troublesome aspect of most of the diazonium cyclizat 
reactions is the preparation of the amine having the desired structur 
Each of the different types of bridge systems requires a separate approac . 

Pschorr Reaction Intermediates. The cinnamic acids require 
for the Pschorr reaction are generally obtained bj' a Perkin condensation 



Lxxxni 


Geissman and Tess, J. Am. Chem. Soc., 62, 514 (1940). 
Fort and Roberts, J. Am. Chem. Soc., 78, 684 (1956). 
Cook and Schoental, J. CTiem, Soc., 1945, 288. 



PSCHOHR SYNTHKSIS AND CLOSURE REACTIONS 


431 


using o-nitrobcnznlclcliyde or a substituted o-nitrobenzaldehj^de. The 
reaction is illustrated by tbe preparation of tra?;5-2-nitro-a-phen3dcinnamic 
acid (LXXXIII).32.8= 

Pschorr originalh' specified the use of fused zinc chloride in tliis reaction, 
but its presence appears to be detrimental although many succeeding 
workers have followed the original procedure. For the condensation of 
o-nitrobenzaldehj’dc with phcnjdacctic acid, potassium carbonate proved 
a more convenient catal 3 ’st than potassium phenylacetate, and it gave 
the same yield. Small amounts of acetic acid or moisture had no effect 
on the 3 ’ield. 

Fortunatel 3 ', flic presence of the carbox 3 d group leads to the formation 
of more of the frona-cinnamic acid with the ar 3 d groups in the proper cis 
relationship than of its undesired .stereoisomer. A discussion of the 
preparation of the o-nitrobcnzaldch3’de3 and of the phenylacetic acid 
derivatives is be 3 ’ond the scope of this chapter. Examples of such 
preparations are available in man 3 ' of the references cited in Table I. 

A few nitrocumamic acids such as LXXXIV have been prepared from 



o-nitrophenylacetic acid,"® which is readily available from o-nitrotoluono. 
Condensation of o-nitrotoluene with diethyl oxalate in the presence of 
sodium methoxide followed by hydrolysis gives /'->i>ti'ophonylpyr„vio 
acid, which is readil 3 '’ oxidized to o-nitropheny acctie acid with hydrogen 


peroxide.®^ 


The most satisfactory reducing agent for the nitro gi oiip is an aniinoniacal 
suspension of ferrous hydroxide. The hydrate iron oxides are readily 
removed. Catalytic hydrogenation is difficult to coni.rol and often lomls 
to partial reduction of the ethylenic bond. 

^ 1 *1 ‘J. rt-n 


— parriai reduction ot tne ewi^ic- 

Some of the amino acids exhibit ‘"lo ^ , '* ^ ^’”’y)nor|)|iiH,n.4,(Mn 

CrystalHzation of fm 7 W- 2 .amino-a-phenylcinnam.c ao.d ft,,,,, ethyj 

1. a bright y,Ilo,v "-"f 

tion from ethanol gives colorless p to 

.r_ , . , a, of lS5-lo/ • 


— CUllclUUi - 

yellow form which then melts at 18 

Several cis-stilbene derivatives have 1 r1ii.„i 

‘ke cta.„ia acid dertativo u.ing «■» “PP”' 


“ DeTar, Ory. Syntheses, 35, 89 (195S)- (1033). 

Bogert and Stamatoff, Jiec. trav. ^ ' g ( 1940 ). 

May and Mossetig, t7. Orfir- * -taoR 1478. 
Gulland and Virden, J. Chem. Scc.» 1 » 
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a ■ 32,42,85 R carranKCincnt to the irons 

catalyst in refluxing qumolme. - t .,10 decarboxylation, 

isomer occurs to only a relatively minor extent during the de J 

Intermediates for Dihydrophenanthrenes Ce elyt.c <oa 
of the 2.nitro-«.phet,jlcmnemio acids lends to ‘J” oon- 

.minoaiphenylethnne ’"t "il. follotvcd by catalytic 


CH3O' 



^CHO + CH2-CO 
NH 




reduction to give 3-(4'-methoxybenzyl)oxindole (LXXXV). 

LXXXV can be hydrolyzed by aqueous barium hydroxide at , ’ 

to give a-(2-aminophenyl)-^-(4'-niethoxyphenyl)propionic aci . ^ 

third synthesis utilizes the condensation of a benzyl clilori e 
phenylacetonitrile as in the preparation of LXXXVI.®’ TA® 

CHaOf^^^CHjCl 


CHgCN 


CH. 


pkJ 

CH3O 


+ 


O2N1 



OCHo 


CjHsONa 
CeUaOH ■ 


CH3O 



,NO« 


CHaO^ 

LXXXVI 

compound was reduced catalytically with 2% palladium on strontium 
carbonate in dioxane solution. 

Intermediates for Fluoranthenes. The required l-(2'-nitropheny )- 
naphthalene is usually obtained by a mixed Ullmann biaryl synthesis, as 



Br' 


+ 


O 

NOo 


CH., 


Cu 



LXXXVII 


DeTar and Carpino, J. Am. Chem. Soc., 78, 475 (1956). 

®®\Vmdaus and Eickel, Ber., 57, 1871 (1924). Compare, Kirchner, Nachr. Ahad. IKtss. 
Ootlingen, 1921, 154 {Chem. Zentr., 1923, I, 944). 

Cook, Dickson, Ellis and Loudon, J. Chem. Soc., 1949, 1074. 
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illustrated for the jjreparat 

(LXXXVIl); this jiroduct was isolated by u cninhination p^aney 

and chromatography and was Irydrogonatcd eatalytica .\ 'i ' 
nickel.88 ' ‘ ‘ 

Intermediates for the Preparation of N-Substituted 2.amino- 

and Dibenzofurans. The required 2 -nminodiphcnyIijminc 

diphenyl ether is obtained by either iHJ^robtaincd from 

of the corresponding nitro compound, the with an 

an appropriate o-chloro- or o-bromo-nitrobcnzcnc by re. 

CH^ 





iCl 
NO, 


CHaNlICcHs 


rit,eo»y‘!. 


/ y^ccHs 


Qc, 

NO, 


KOCcHs 


y^OC^Hs 

^===N02 

of f h-6 

aniline deriv.ative^’ or with a phenolate J less that of a 

oopper powder in the 2-nitrodiphenyl ether P'®P copper, an exothermic 
oatalyst than of an inhibitor. In the absence ^ .jf^ps to oxidation of 

reaction takes place leading to a black resin, 

the phenol by the nitro compound. preparation ^"“^Rh 

Intermediates for Fluorenones. T1 R ^ jnethod start 
enzophenones has been reviewed.®‘ "tected with a j 

anthranilic acid.s^ The amino group is pro out on the 

^oup, and then a Friedel-Crafts '^f LXXXVHb procedure 

function as illustrated in the prep.ara hydrolysis- BX 
P'toluenesulfonyl group is removed by ac 

PQU , 

tlicn AICI3 

yyiNHSOgCeHrCHa O 

nCX)oH, 

SO2C6H4CH3 

Lxxxvin 



^CO^H 
'NH„ 



* Tucker and Whalley, J- %^^l^.Soc., 6®’, 445 (1943). 

® Gilman and Broadbent, J* ^'iJieses Coll- ^ ® 5oc., 1945, 

® Brewster and Greening, gtepb©*'®®*'’ 

^ Simpson, Atkinson, 4073 (1902). 

'■ XJllmann and Bleier, Ber., » 


C46. 
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, ..nd o ..mino-i'-inethvlbenzophcnone are obtained 

2-aminobenzopbenone and _ . 

in n 50% over-aU jieli from ^ „„ yields in Fricdel- 

Unfortunately o-nitroljennoyl chloride . P norinnlly, but 

Crafts reactions^ “o.rrtm other hand the 

:;”oSoup oth'roS— .elds c.,. us„ally he eonvorted to an 

“T£s:;“rf Ltrrtir fro.^ p--" 


HjO 


o 


0 

CHoCCeHs 


OjN 



CH 

1nHX=CC6Hs 



iCHt, 


HCl 


OoiSr 



iCHo 


O 



■ I 

NH 


jj COCgH5 

hydrazones by the Fischer indole sjnithesis makes available a number of 
hitherto inaccessible 2-aminobenzophenones.'’^ 


The Cyclization Reaction 

The amine is usually diazotized in aqueous sulfuric acid. 
unreactive amines have been diazotized in acetic acid, me ■ la ’ 
ethanol vdth butyl nitrite and sulfuric acid or hydrochloric acid. 
acids are often dissolved in alkaline solutions along with sodium n 

the mixture being run into sulfuric acid. sition 

The numerous methods for bringing about cyclization by decompo 
of the diazonium salt fall into a relfitively few classes. Althoug i 
comparative quantitative data are available on the efficiency o 
cyclization procedures, it is necessary in most cases to rely on the eva 
tion of semiquantitative preparative runs. 

Method 1. The diazonium salt solution is merely heated. 
procedure nearly always gives some of the cyclization product if eye iza 

DeTar and Scheifele, Org. Syntheses, 32* 8 (1952). 

Schofield and Theobald, J. Cbem, Soc., 1950i 1505. 

Graebe and Ullmann, Ann., 291, 8 (1896). ^ - Sons, 

AA’allis and Lane, in Adams, Organic i?€ac/ions, A^ol. Ill, 267, John M i ej 
New York, 1946; Smith, ibid., 337, 
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is structurally possible. In the fluorenone series the use of 50% sulfuric 
acid gives somewhat better yields of the fluorenone and less of the hydroxy- 
benzophenone than does 1 N sulfuric acid.®'' Concentrations of sulfuric 
acid greater than 75% tend to give lower yields of 3-methylfluorenone, 
probably because of sulfonation (however, ef. the preparation of 2-nitro- 
fluorenone below, p. 438). For the production of phenanthrene this 
method is definitely inferior to Method 2 using copper powder.®® 

Method 2. The diazonium salt solution is heated in the presence of 
copper powder. Gattermann copper®® prepared by reducing cupric 
sulfate with zinc dust has been used frequently, though other types of 
copper may be as good or better. The use of copper powder in the presence 
of alcoholic solvents is inadvisable except for the phenanthrene cyclization. 
In other systems the procedure leads to extensive replacement of the 
diazonium group by hydrogen. 

For 2-(4'-methylbenzoyl)benzenediazonium salts, thermal decomposition 
in 1 iV sulfuric acid gave 65% of 3-methylfluorenone, while copper powder 
in 1 sulfuric acid gave a 50% yield and led to the formation of some 
4-methylbenzophenone. In 50% sulfuric acid an 80% yield of cyclic 
product was produced whether or not copper or solid cuprous chloride 
was present. On the other hand 2-(3'-nitrobenzoy])benzenediazonium 
salts gave a 35% 3deld of cyclic product in 1 sulfuric acid and a 55% 
Jdeld in 50% sulfuric acid, but with copper powder present a 95% yield of 
cyclic product was formed in 1 sulfuric acid and an 85% yield in 50%, 
sulfuric acid. From 2 to 5% of 3-nitrobenzophenone was also produced 
when copper powder was present. The above results were obtained with 
crystalline diazonium salts and are based on quantitative chromatographic 
isolation of the fluorenone-benzophenone mixtures, these being analyzed 
by their infrared absorption spectra.®® 

Method 3. The diazonium salt solution is made alkaline and heated. 

In most cases this method gives poor results. It has been used successfully 
■'vith some Pschorr cyclizations and may have particular merit if there is 
a hydroxyl group ortho to the diazonium group (resulting in the formation 
of a relatively stable diazo oxide rather than a (flazonium salt). 

Method 4. The diazonium salt solution is treated ivith sodium 
hypophosphite and copper. This procedure is usable only ,vith the 
Pschorr cycbzation. In all other cases it leads to replacement of the 
diazonium group by hydrogen. This procedure was first described by 
Ruggli and Staub^® and appears to have become fashionable, although 
there does not appear to be any information about its merit m comparison 
with Method 2. 

" DeTar and Whiteley. Am. Chtm. Soe., 79, m press (19a-). 

•' Gattermann, Ser., 23, 1219 (1890). 
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other Methods. I„ e tetv exempt the “7»*%»the'mi“ 

been suspended in acetone and stirred m i i copp p ^ j ; j yields 

prove to be ot edvantege in some csos, b«t tic r«P“ted h g J 

ar. mostly based on the flnoborato. Yields oalonlatod on the 

amine are less attractive. , ■ „r.R with dimethyl- 

- ithod consists of reaction of the diav.onium salt m 

atriazine. The triazinc is suspended in an orge 


^:.::iS^r:^oge;:‘:i:;c:;sr‘^^^^^ -mpies seem to 

on heating .0 dive. some cyolia^-n 
product.“.98“ This method also seems to be of no particular p P 
use, 

EXPERIMENTAL PROCEDURES 
1 - Bromo -3,4 - dimethoxy phenanthr cne - 9 - carboxylic 

(Pschorr synthesis using Gattermann copper paste m an 

acidic medium.)®** „ , j- dhnxti-a.- 

(a) Preparation of the amine, trans-2-n7nnio.G-^romo-3,4-d?m J 

phenylcinnamic acid. A mixture of 15 g. of C-bromo-3,4- R*'® ^ 

2-nitrobenzaldehyde (6-bromo-2-nitroveratraldehyde), 8.3 g. o 
sodium phenylacetate, and 90 ml. of acetic anhydride is lieate ^ a 
for thirty hours. Water (750 ml.) is added and, after hydiolysis o 
excess anhydride, an excess of ammonia is added and the mixture ex r 
with two 400-ml. portions of ether. Acidification of the aqueous ay^^ 
gives 13 g. of the crude nitrocinnamic acid which gives 10.7 g. of materi , 
m. p. 193-200° after one crystallization from methanol. Recrystalliza i 
of the combined products of several runs gives the pure nitrocinnam ^ 
acid, m. p. 206-208° (30% yield). Reduction with ammoniacal ferrous 
sulfate gives the aminocinnamic acid in 98% yield. 

(6) Cyclization. To a mixture of 2 g. of (mns-2-amino-6-bromo^ 

3,4-dimethoxy-a-phenylcinnamic acid, 20 ml. of ethanol, and 5.2 m . 

3 N hydrochloric acid is added at 0° a 50% solution of butyl nitrite m 
ethanol. After one-half hour, the orange solution is diluted with 200 m • 
of water, and copper paste is added in small portions with mechan 
stirring,* The mixture consisting of light green solution, copper pow e , 
and a white solid, is extracted with ether. Sodium carbonate extractioi^ 
of the ether followed by acidification of the extract gives 1.57 g. ^ 
l-bromo-3,4-dimethoxyphenanthrene-9-carboxylic acid. The yield o 
partly purified product from several runs was 72-82%. After washing 
DeTar and Savat, J. Am. Chem. Soc., 75, 7117 (1963). 

Small and Turnbull, J. Am. CTiem.Soc., 59, 1541 (1937). . 

* The quantity of copper paste is not specified in the original article, but the writer 
found that quantities of the order of one gram are satisfactory. 
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with acetone followed by sovcrnl rccrvutnllizfitionB from ethanol 

«id, the product meitu ut 2«0-270" ,p,„|,„„ynthcsis 

4,6-Dimethylphcnanthrcnc-9-carboxync Acid. ( ,„_„t,oe;nhite 

'•sing 75% ethanol as the solvent with copper and sodium i>P P 
(a) Prcjmltion of the amine, 

cinnamic acid. A mixture of :17.(5 g. (0.2 mole) o p , , and 

Pl'enylacetatc, 33 g. (0.2 mole) of 2 -nit ro-3-methy eight 

204 g. (2 moles) of acetic anli 3 ’dridc is hcatc "i careful 

hours at 10.5-1 lO". The anhydride is decoinposec a^ ^ ^ 
addition of water, and the reaction mixture is P®*’ acetic acid and 
e% hydrochloric acid. The solid is recry.stnlhzc eeid, m. p- 

^hen from ethanol to give 38 g. (65%) of the m r goOnih of warm 
250.5-251. .5°. A .suspension of 30 g. of the nitro ef 240 g. of 

dilute aqueous ammonia is stirred into a boi mg aqueous 

hydrated ferrous sulfate, 500 ml. of water, an jj^ixture is allowed to 
ammonia. Boiling is continued for an hour, and acidified to 

stand overnight. The filtrate from the hydra e acid is 

Congo Red with hydrochloric acid. Tlic resumng 

recrystallized from 70% methanol to give 

"1-P.176.5-177..5°. ^ .f /raiw-2-aniino-3-methyl-a,- 

(h) Cydization. A suspension of 1 S- 15 % ethanolic hy ogen 
(4'-methylphenyl)cinnamic acid in 150 m • freshly distille 

chloride is stirrk for an hour at 0^ then 20 ^ The solution is 

nitrite is added and stirring continue or jn a solution o 

then added to a suspension of 1 g- o containing 2 

of sodium hypophosphite in 50 mb o nitrogen occur , 

centrated sulfuric acid. A ^°^®]JJJ°stirring for ^rdissolved 

Phenanthroic acid separates. ^^d the acid cofiecte 

pntle heating, the solution is alkaline s ^ 

m sodium hydroxide solution. js (?!%) ^^e 

and the 4,6-dimethyl-9-phenanthro 10 g. t 

methanol, using decolorizmg «ar « ,pschorr reaction via 

colorless needles, m. p. 21^2 J -der in aqueous 

3-Chlorophenanthrene-9 ^vith copper p 

e-mtrophenylacetic acid; eye iza ^^inophenyl)cinnamic 

' (:rp"U-o,i oft^ 

acid. Amixtureof28 g. 2°“, chloride, and^ 

henzaldehyde, 2^5g.offo d twenty h ^ 

IS heated on the steam ua ,yct is premp' 
hydrolyzed, and the cru e 
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recrystaUized from acetic acid to 

m. p. 196-199°. Tor reduction, o.l g- _dded to a hot (80-90°) 

dissolved in oO ml. ot 4 «“<!“«“ , .mmonio to o 

slurry piepered by addition o . "J ' , Alter ton minutes 

solution of 34 g. of ferrous sulfate m - • Acidifica- 

the mixture is filtered through d-tomaceous sihc^ 

tion gives 3.4 g. of the aminocmnamic acid. Atteinptea J 

from ethanol gives the lactam, 4-chlorobenzaloxmdole <, 

(6) Cycli^aiTon. To 80 ml. of 5 N sulfuric acid y^^.,ydoro-a- 

is added during twenty minutes a suspension of o g. 

(2'-aminophenyl)cinnamio acid, 3 g. o so mm m , * stirring 

and 2 ml. of M aqueous ammonia. After an additional J 

at 0 to 5°, 20-30 ml. of ethanol and 5 g. of copper-hronze 
the mixture is heated to 70-80° for one-half houi. T p 
coUected on a filter and the alkali-soluble o^^Ltcrial leac i 
copper with hot dilute sodium hydroxide. The alkd n 
acidification gives crude 3-chlorophenanthrene-9-car 0x5 1 249-251*^; 

on recrystallization from glacial acetic acid has a m. p. o 

^ 2-Nitrofluorenone. (Fluorenone cyclization in concentrated siJ 
acid.)i'>» To a solution of 3 g. of 2-amino-5-nitrobenzophenone i 

of concentrated suKurio acid, 1 g. of powdered sodium ni . j ^t 

over a period- of fifteen minutes at —5 to 0°. The solution is , 

95° for two hours, then diluted with 60 ml. of water. The pro 
recrystallization from ethanol gives 1.7 g. (60%) of 2-nitro 

m.p. 220-221°, and 0.4 g. (13%) of 2-hydroxy-5-nitrobenzophenon , 

m. p. 119-121°. . . -th 

With 85% suKuric acid the yields are 56 and 16%, respectively, 

50% sulfuric acid and copper powder the yields are 15 and 6 /o- 
ll-Chrysofluorenone (LXXXIX). (Fluorenone synthesis, use 
copper powder; diazotization with isoamyl nitrite.)'®^ 



LXXXIX 


>“'> Nunn. Schofield, and Theobald, J. Cftem. Soc., 1952, 2797. 

i”! Orohin and Reggel, J. Am. Chem. Soc., 73, 436 (1951), The authors give exto 
details. 
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(o) Preparation of the amine, \-hcrtzoyl-2-aminonaj)liiho.lene. 1-BenzoyI- 
2-benzoylaminonaphtlialcnc is prepared from 99 g. of 2-benzoylamino- 
iiaphthalene and 160 ml. of benzoj'l chloride at a temperature of 100— 110 , 
adding 234 g. of stannic chloride as condensing agent during thirty 
minutes. The total reaction time is forty-five minutes. After hydrolysis, 
the product is isolated hy crj'stallization from ethanol. A total of 104 g. 
(74%) of tan material, m. p. 155-157°, is obtained. ].Benzoyl-2-araino- 
naphthalene is obtained in 93% yield by hydrolysis with potassium 
hydroxide in refluxing 80% ethanol for twelve to sixteen hours. 

(b) Cyclization. To a stirred solution of 50 g. of l-benzoyl-2 ammo 
naphthalene in 1.5 1. of acetic acid containing 21 ml. of sufluric acid is 
added in two minutes a solution of 53 ml. of isoamyl nitrite in ^ ^ 
acetic acid. After thirty minutes, the solution is cooled in an ice 
and 25.5 g. of copper powder is added; reaction proceeds at ice temperature 
for thirty minutes, at room temperature for two and one a ours, 
at steam-bath temperature for three hours. The mixture is en ^ 
to stand overnight. Part of the acetic acid (1.2 M 
tion and the remaining solution is 

the tarry residue, by extraction, distillation, j ,„„2_i34 8°. No 

obtained 15 g. (33%) of ll-chrysofluorenone, m. p- 

allmli-soluble product is found. number of times with 

The above procedure has e the following results: 

consistent results. Variations in the ® j^i^ture became hot 

(a) on addition of copper at a very low yield; 

and the yield dropped to 11 %; {«») acid as solvent 

(c) addition of sodium hypophosplute wi ^ 26% 

gave very low yields; and (d) use of ha 

, iCvclization by heating acidic 

2-Bromo-4-methyldibenzofuran. amine, 2-amino- 

solution of diazonium salt.)'®^ («) of 14.2 g. (0.048 mole) of 

^•bromo-Q-methyldiphenyl ether. A ^^gg^^^ole) of potassium phenoxide 
2,5-dibromo-3-nitrotoluene and 6.86 g- ( • mixture is treated with 

is heated at 170° for three hours. T ® g^jjd recrystallized from 

’a'ater, and the product is extracted vu (81%) of phenyl 2-nitro- 

Petroleum ether (b. p. 60-68°) to ' iphe nitro group is reduced 

4-bromo-6- methylphenyl ether, P' compound in 150 ml. of dry 

hy dissolving 12 g. (0.039 mole) of th chloride has been added, 

ether to which 20.85 g. (0.093 mole) o s ^ hydrogen chloride at 0°. 
and then saturating the resulting so u 1 ^ ^ ^ 

The hydrochloride separates as a g 

diazotized without further purifica 10 ( 1939 ). 

- Van Ess. and Hayes. .7. ’ 
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(h) Gydhation. The diazonium solutioii is added slowly to 150 mh of 
boiling 50% sulfuric acid, and the furan steam-distilled to give 4 g. 
(40% based on the nitro compound) of material, m. p. 106-106.5 alter 

recrystallization from ethanol. _ 

3-Cyanocarbazole. (Example of preparation of a triazinc and ot a 

carbazole by thermal decomposition of the tiiazine.) 
cj'anodiphenylamine is prepared in 78% yield by heating to the hoi mg 
point equimolecular quantities of aniline and of 4-chloro-3-nitrobenzo- 
nitrile. Reduction in 78% yield is carried out with stannous chloride m 
glacial acetic acid and hydrochloric acid- Diazotization yields the triazo e 
in 65% yield. The triazole (1 g.) is heated in a metal hath until nitrogen 
evolution ceases. Extraction with ethanol and recrystallization from 
toluene gives 0.3 g. (35%) of 3-eyanoearbazole, m. p. 184-185°. 

TABULAR SURVEY OF DIAZONIUM RING CLOSURE REACTIONS 

The various examples of the cyclization reaction have been grouped in 
the following tables according to the type of bridge group involved. The 
examples are intended to be complete through May, 1956, although by the 
very nature of the subject some references will certainly have been over- 
looked. Table IV, which lists a number of examples of earbazole deri- 
vatives that have been prepared by heating triazoles, does not aim at 
completeness. 


Preston, Tucker, and Cameron, J, Chem, iSoc., 1942, 500. 
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OKGAl^IC KEACTIONS 


TABLE XI 

SULTOKES AND SDLTAMS 


Molecular Foniiiila Corresponding Sulfonic Acid 

of SuUone 


CisIIjCUOsS 

CjjH^CiOaS 

C,2H,n03S 

Cj2Hg03S 

CialljClOaS 

CkHioO^S 

^171115038 


4,5'-Dichloro-2'-hydroxybiphenyl-2-sulfonic acid 
5'-Ciiloro-2'-hydroxybipbenyl-2-s«lfonic acid 
5-Chloro-2'-bydroxybipiienyl-2*sulfoiiic acid 
2'-Hydroxybiphenyl-2-sulfonic acid 
5-Cliloro-2'-hydroxy-5'-iiietbylbiphenyl-2“Sulfonic acid 

1- (2'-Suifopbenyl)-2*iiapbtbol 

2- (2'-Sulfophenyl)-l-naphtliol 
5'*/frf-Amyl“2'-liydroxybiphenyl-2-sulfonic acid 


Yield, % Reference 


16* 

15 49 

80 49 

52 49 

46 49 

50 49 

32 49 

23 49 


Molecular Formula 

of SuUam Sultams 


CjjUjXOjS 

Ci3lI„NO,8 

C^TIi^NoIs 


Sultam of 2'-ainino-2-biphcnylsulfonic acid 
SuUam of 2'-metl»ylamino-2-biphcnylsulfonic acid 
SuUam of 2-(2'-amino*l-naphlhyl)*ben2enesulfonic acid 


76t 

80t 

90J 


52 

52 

52 


• Tlio sultoncs were all prepared by heating tlic diazonium salt in the presence of copper powder 
t Tlic sultam was prepared by licating the aqueous solution of the diazonium salt. 
t The sultam was prepared by pyrolysis of tlic triazene in the presence of sodium hydroxide and 
copper powder. 
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Numbers in bold-face type refer to experimental procedures. 


Acetic acid, preparation of substituted 
derivatives, 149 

Acetoacetic ester condensation, Vol. /; 
Vol. VIII, 67 

Acetonitrile, preparation of substituted 
derivatives, 149 
2-Acetoxyindan-l,3-dione, 94 
Acetylenes, Vol. V 
halogenation with acyl hypohalites, 
341, 354 

Acylation of ketones to d-diketones or 
|3-keto aldehydes, Vol. VIII 
Acyl halides, preparation by Hunsdiecker 
reaction, 345 

Acyl hypohalites, addition to olefins, see 
Pr6vost reaction 

cleavage to organic halides, see Huns- 
diecker reaction 

use as halogenating agents, 352-355, 
361-362 

Acyloins, Vol. IV 
Addition of alcohols to nitriles, 128 
Aldehydes, preparation of, by Gatter 
mann-Koch reaction, Vol. V 
by Gattermann synthesis, 37-72 
by Hunsdiecker reaction, 345 
by Reimer-Tiemann reaction, 
by Rosenmund reduction, 
by Sommelet reaction, Vol. ^ 
from carboxylic acids, Vol. 

using N-methylformanilide^ yjjl 

reaction with diazoalkanes, o . 
Alkylation, of aromatic compounds y 

Friedel-Crafts method, Vol. 
of esters, 107-331 

of nitriles, 107-331 , ■ 

Alkylidene derivatives of esters 

triles, addition of organomagne 

slum halides, 146, 318-320 
rearrangement. 131, 133 
reduction, 145, 314-317 


Alkylidene malonic esters, double-bond 
migration on alkylation, 112- 
115 

Alkyl migration in Gattermann aldehyde 
synthesis, 49 

Amides, formation during alkylation of 
nitriles, 127 

formation from ketones and sodium 
amide, 1-36 

Amination of heterocyclic bases by al- 
kali amides, Vol. I 

a-Amino acids, synthesis from malonic 
esters, 151-153 

fi-Amino acids, cyclization of derivatives 
to ^-lactams, 391-394 

2-Aminobenzophenones, preparation, 

433-434 „ . j- 

tr«ns-2-Amino-6-bromo-3,4-dimethoxy- 

a-phenylcinnamic acid, 436 

2-Amino-4-bromo-6-methyldiphenyl 

ether, 439 

2.Aminodiphenylamines, preparation, 

433, 440 

2-Aminodiphenylethanes, preparation, 

432 

2-Aminodiphenyl ethers, preparation, 
433, 439 

<rans-2-Amino-3-methyl-a-(4'-methyl- 

phenyl)cinnamic acid, 437 

p-Anisaldehyde, 66 

Aporphines, preparation by diazonium 
ring closure, 409-436, 458-459 
Arndt-Eistert reaction, Vol. I 
Arsinic and arsonic acids, synthesis by 
the Bart, Bechamp, and Rosen- 
mund reactions, Vol. II 

Arylmalonic esters, preparation, 
146-147 

Azetidinone, 389 
Azlactones, Vol. Ill 
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INDEX 


Baeyer-VUliger oxidation of aldehydes 
and ketones, 73-106 
Barbituric acids, preparation, 156 
Benzoins, Vol. IV 

l-Benzoyl-2-anunonaphthalene, 439 
Benzyl phenylacetate, 360 

1- Benzyl-4-phenyl-2-azetidinone, 394 
Biaryls, Vol. 11 

Bischler-Napieralski reaction, Vol. VI 

2- Broraobicyclo[3.2.11octane, 343 
2-Bromocyclohexyl benzoate, 361 
l-Bromo-3,4-dimethoxyphenanthrene- 

9-carboxylic acid, 436 
a-Bromo esters, reaction with zinc and 
imines to form d-lactams, 394- 
395 

2-Bromo-5-methyldibenzofuran, 439 
Bucherer reaction, Vol. I 
a-n-Butyl-cx-methylcaprylic acid, 16 


3-Cj'anocarbazole, 440 

Cyclic compounds, 

ation of esters, 15 intramo- 

Cyclic ketones, preparation by 
lecular acylation, Voi. 
prepamtion by -g enUrgeme"^ 
diazomethanB, ^ ol- 

Cyclobutyl bromide, 368 

,-Cj'clohexylphenylacetonitrile, 


Cannizzaro reaction, Vol. II 
Carbazoles, preparation by diazonium 
ring closure, 409-440, 450-451 
Carbethoxylation, 147-148 
Carbinamines, tertiary, 4, 13-14 
Carbon-carbon alkylation with amines 
and ammonium salts, Vol. VII 
Carboxamides, tertiary, 4-11 
Carboxylic acids, tertiary, 4, 12-13 
Catalytic hydrogenation of esters to alco- 
hols, Vol. VIII 
Catechol, 92 

(raris-4-Chloro-a-(2’-aminophenyl)cin- 
namic acid, 437 

Chloromethylation of aromatic com- I 
pounds, Vol. I 

3-Chlorophenanthrene-9-carboxvlic acid, I 
437 

11-Chrysofluorenone, 438 
Cinnamic acids, o-amino-, preparation, 
430, 432, 436-438 

Cinnolines, preparation by diazonium 
ring closure, 424-425 
Claisen rearrangement, Vol. II 
Cleavage of non-enolizable ketones with 
sodium amide, 1-36 
Clemmensen reduction, Vol. I 
Curtius reaction, Fol. Ill 
Cyanoacetic esters, alkylation of, 134, 
262-282 


Dakin reaction, 85, 103 104 
Darzens glycidic ester con e 
Vol. V 

Debenzylation, Vol. B// olkvlation, 
Decarbalkoxylation during 

D.o.rb'oSkSn «> 

tives, 147 -j,. 149 

Decarboxylation of malonic acids, 
Dehalogenation, 125, 142 Nation, 

Dehydrohalogenation during H 

124 . -48 

Diarylacetic esters, preparation. 


Diaryiaceuc esteio, g 

Diarylacetonitriles, preparation, 


Diazoalkanes, reaction with 
compounds, Vol. 

Diazonium group, coupling, 4 
replacement by halogen, 
replacement by hydrogen, 
replacement by hydroxyl, 42U 
Diazonium salts, preparation, 

ring closure reactions, 409 j;azo- 

Dibenzofurans, 452- 

nium ring closure, 409—4 

453 

1,4-Dibromobutane, 367 
1,10-Dibromodecane, 367 
Diels-Alder reaction, with cyclen 

Vol. V . 

with ethylenic and acetylenic 

philes, Vol. IV 
i\dth maleic anhydride, Vol. 

3-(P-Diethylaminoethyl)-3-phenyl- 

2-benzofuranone, 161 
Diethyl benzylmalonate, 168 
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Diethyl n-butylmalonate, 168 
Diethyl carbonate, use in carbethoxyl- | 
ation, 148 

Diethyl 1,1-cyclobutanedicarboxylate, 

160 

Diethyl cyclopropylmalonate, prepara- 
tion, 148 

Diethyl ethyl (l-isopentenyl)malonate, 

161 

Diethyl ethyl (isopropyl)malonate, 169 
Diethyl ethyl(phenyl)malonate, 168 
Diethyl isopropyl (formanido) malonate, 
160 

Dihalogen compounds, preparation by 
Hunsdiecker reaction, 344, 346 

3.4- Dihydroisoquinolines, preparation by 

Bischler-Napieralski reaction, 

Vol. VI 

2.4- Dihydroxybenzaldehyde, 66 

2.4- Dihydroxy-6-methylbenzaldehyde, 

66 

3.4- Dihydroxyphenanthrene, 92 
p-Diiodobenzene, 362 

(3-Diketones, preparation by acylation 
of ketones, Vol. VIII 

3,3-Dimethyl-l-ethyl-4-phenyl-2-azeti- 

dinone, 393 

4,6-Dimethylphenanthrene-9-carboxy ic 

acid, 437 

a,a-Dimethyl-/3-phenylpropionamide, 

3,5-Dimethylpyrrole-2-carboxaldehyde, 

67 

Diphenic acid, 93 

1.4- Diphenyl-2-azetidinone, 394, 39B 

1.4- Diphenyl-3-phthaUmido-2-azeti- 

dinone, 402 


Elbs reaction, Vol. I 
Elimination reactions. 


during alkyla- 


Esters, alkylation of, 107-331 
catalytic hydrogenation to alcohols 
Vol. VIII 

formation in Baeyer-Villiger reaction 
74, 77, 80, 81 

preparation by Prdvost reaction, 339 
preparation by Simonini reaction, 334 
338 

Ethoxalyl esters, decarbonylation to ma- 
lonic esters, 147 

Ethyl a-bromo-/3-phenylpropionate, 369 
Ethyl n-butyl (isopropyl) cyanoacetate, 
161 

Ethyl «-ethyl-a-methylvalerate, 160 
Ethyl (l-ethylpropenyl)methylcyano- 

acetate, 161 

l-Ethyl-6-phenyl-3,3,5,5-tetramethyl-2, 
4-piperidinedione, 393 
Etiocholan-3a,12a,17^-triol, 93 


Favorski rearrangement, use in prepara- 
tion of tertiary acids, 13 
Fluoranthrenes, preparation by diazo- 

nium ring closure, 409-436, 449 
Fluorenes, preparation by diazonium rinir 
closure, 409-436, 454 ® 


-luorenones, preparation by diazonium 
ring closure, 409-^36, 455-455 
luorine compounds, aliphatic, Vol. // 
aromatic, Vol. V 

rriedel-Crafts reaction nnth aliphatic h' 
basic acid anhydrides^ y «<= di- 
7ries reaction, Vol. 1 ’ ■ V 

Fused-ring ketones. Preparation u 
■niels-Alder reactinn 


Gattermann-Koch reaction^ p.> 

Gattermann synthesis of aldehy^^^ 


tion, 129-130 , 

Epoxidation of ethylenic 

with organic peracids, Vol. 
see also Baeyer-Villiger oxidation 
Epoxyketones from a,/ 3 -unsaturated K 
tones, 81 . , y 

Eschweiler-Clarke methylation, 

Vol. VIII . „ii-vl- 

Esters, alcohol interchange during 
ation, 117 


Adams modification, 38 
Glycidic esters, preparation i, 

reaction, Vol. V Ilarzens 

Gomberg-Bachmann synthgj: 

Vol. II 

comparison with Pschorr 

411-417 ®5^fliesis, 

Haller-Bauer reaction, 1^3^, 
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N-a-Haloacylaminomalonic esters, con- 
version to | 3 -lactams, 403-404 
P-Halo esters, preparation, sec Prdvost 
reaction 

Halogenation of acetylenes, 341 
Halogen-metal interconversion with or- 
ganolithium compounds, Vol. VI; 

Vol. VI 11, 2S0 

Halogen transfer in alkylation, 126 
n-Heptyl bromide, 366 
1,2-Hexadecanediol, 361 
Hoesch reaction, Vol. V 
Hofmann reaction, Vol. Ill 
Hunsdiecker reaction, 334-338, 341-348, 
356-360 

Hydrocarbons, formation by cleavage of 
ketones with sodium amide, 1-36 
Hydrogen cyanide, use in Gattermann 
aldehyde synthesis, 54 
Hydrogenolysis of benzyl groups, Vol. 

VII-, VIII, h, r 

Hydrogen peroxide, use in Baeyer-Vil- 
liger reaction, 74—105 

4 -Hydroxy-2,0-dimethylbenzaldehyde, 

65 

Hydroxyhydroperoxides, 84 
Hydroxylation of ethylenio compounds 
with organic peracids, Vol. VII 
2-Hydroxy-l-naphthaldehyde, 66 

Imines, use in preparation of ^-lactams, 
394-399 

Indazoles, formation from diazonium 
salts, 424 

Indoles, oxidation to 2-aminobenzophe- 
nones, 434 
Iodine triacyls, 339 
thermal cleavage, 350 
2-Iodocyclohexyl acetate, 360 
|3-(2-Iodo-5-methoxyphenyl)propionic 
acid, 361-362 
4-Iodoveratrole, 362 

N-Isobutyrj'l-0-ethylamino-|3-phenyl-a, 

a-dimethylpropionic acid, 393 
Isocyanates, reaction with diazomethane 
to form ^-lactams, 404 
Isoquinolines, preparation by Pictet- 
Gams reaction, Vol. VI, 76 
preparation by Pomeranz-Fritsch re- 
action, Vol. VI 


Isoquinolines, f 

serfs compounds, Vol. VIU, 


Jacobsen reaction, Vol. I 

Ketenes, use in preparation of p-lactara , 

Kettn “»d telem dimoi., 

ation of ketones, 1 o . 

Keto esters, preparation ® j 

chlorides and organometalhc com 
pounds, Vol. VIII „ ICO 
Ketones, from acylmalomc es er , 

p„pSofto“s.mn.*‘ 

p,.pii'.i™L .»d ri 

organometalhc compounds, I <>‘ 

VIII . yjll 

reaction with diazoalkanes, 

Kostanecki reaction, Vol. Vi I 

p-Lactams, synthesis, 388^°^ ^01 _ 
^-Lactam-thiazohdmes, 397, 4 
403 

oxidation to 1,1-dioxides, 405 
Lactone C21H3ZO4 from isoandrostero 

acetate, 94 villieer 

Lactones, formation in Baeyer- 

reaction, 78 

from alkylation of esters, 155 
/3-Lactones, Vol. VIII 
Leuckart reaction, Vol. V i„intion 

Lithium aluminum hydride, metalatio 
vdth, Vol. VIII, 383 
reduction with, Vol. VI, ° ■ 

252-257 . „ , „ 

Lithium diethylamide, use in al y 
118 

Malonic acids, decarboxylation, 149 

Malonic esters, alkylation of, 

cleavlgt of (-butyl, tetrahydropyranyl, 

and benzhydryl, 150 
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Malononitriles, alkylation of, 135, 278 
283 

Mannich reaction, Vol. I 
Meerwein, Ponndorf, Verley reduction, 
Vol. II 

Mesitaldehyde, 64 

Mesoxalic esters, condensation with aro- 
matic compounds, 146, 320-321 
Metalation with organolithium com- 
pounds, Vol. VIII 

4-Methoxy-3-methylbenzaldehyde, 64 
Methyl benzylcyanoacetate, 148 
Methyl dibenzylcyanoacetate, 148 
Methyl 17-bromoheptadecanoate, 367 
Methyl 5-bromovalerate, 366 

1-Methylcyclohexylamine hydrochloride, 

16 

Michael condensation, as side reaction m 
acylation of ketones, Vol. VII , 
68, 88 

as side reaction in alkylation of esters, 
124,125,130 

Mononitriles, alkylation, of, 136, 294- 
Monoperphthalic acid, 91 

Nitriles, alkylation of, 107-331 
p-Nitrobromobenzene, 369 
2-Nitrofluorenone, 438 

l-(2'-Nitrophenyl)naphthalenes, prepar- 
ation, 432 

Nitrosation of aliphatic carbon atoms, 

Vol. VII 

Oppenauer oxidation, Vol. VI 
Organolithium compounds, metalation 

with, Vol. VIII 

Organometallic compounds, reaction wi 

acid chlorides to form ketones, 

Vol. VIII 

Oxoxides, as intermediates m Baeyer- 
Villiger reaction, 75 

Pechmann reaction, Vol. VII 
Penicillins, 390, 392, 400, 405 
Peracetic acid, 91 

Peracids, use in Baeyer-Villiger oxida- 
tion, 74-94 
Perbenzoic acid, 90-91 

Porfluoralkyl halides, preparation by 
Hunsdiecker reaction, 345 


Periodic acid oxidation, Vol. II 
Perkin reaction and related reactions, 
Vol. I 

Persulfuric acid, preparation, 90 
Phenanthrenes, preparation by diazo- 

nium ring closure, 409-449 

Phenanthridones, preparation by diazo- 

nium ring closure, 409-436, 457 

1- Phenyl-3-ethyl-4,4-dicarbethoxy-2- 

azetidinone, 404 
Phenyl p-nitrobenzoate, 93 

3-Phenyl-l,2-propyleneglycol dibenzo- 
ate, 360 

2- Phenyl-a-succinimido-2-thiazohdme- 

acetic acid d-lactam, 403 
Phosphinic and phosphonic acids, o ■ 
Pictet-Gams synthesis of isoquinolines, 

Vol. VI 

Pictet-Spengler synthesis of tetrahydro- 
isoquinolines, Vol. VI 
Polyhydric phenols, 

Dakin reaction, 85, 103-105 
Pomeranz-Fritsch synthesis of isoquino- 
lines, Vol. VI 

Potassium, use in alkylation, 1 
Potassium hydroxide, use in alkylation, 

Prdvost reaction, 334, 339-340, 350-352, 
360-361 

w-Propyl bromide, 366 
Pschorr synthesis, 409-462 
?yrrolidoLs from l,l-dialkyl-3-butenyl 
phenyl ketones, 7 

Quinolines, preparation from Reissert’s 
compounds, Vol. VIII, 22 
Skraup synthesis of, Vol. VII 

Reduction, catalytic of esters to alcohols, 

Vol. VIII . Tr 7 rr 

with aluminum alkoxides J oLI 
with lithium aluminum hydnde, 1 • 

VI, Vol. VIII, 232-257 

Reductive alkylation, Vol. 71 

see also Leuckart reaction 1 ol. 1 
Reformatsky reaction, Vol. I 
Replacement of aromatic primap aniino 
group by hydrogen, 1 ol. II 

see also 423 jr j rr 

Resolution of alcohols, \ ol. 1 1 
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Ring enlargement of cyclic ketones with 
diazomethane, Vol. VII T 
Ring closure reactions of diazonium com- 
pounds, 409-462 

Schiemann reaction, Vol. V 
Schmidt reaction, Vol. Ill 
Selenium dioxide oxidation, Vol. V 
Silver benzoates, 366 
Silver bicyclol3.3.1]nonan-9-one-l-car- 
boxylate, 366 
Silver laurate, 366 
Silver methyl octadecanedioate, 366 
Silver salts of carboxylic acids, prepara- 
tion, 355 


reactions with halogens, 332-387 
Silver undecafluorocyclohexanecarboxyl- 

ate, 366 

Siraonini reaction, 334, 338, 348-349, 360 
Skraup synthesis of quinolines, Vol. VII 
Sodium, use in alkylation, 118 
Sodium amide, cleavage of ketones, 1-36 
reaction with miscellaneous com- 
pounds, 11-12 
use in alkylation, 118 
Sodium hydride, use in alkylation, 118 
Sodium hydroxide, use in alkylation, 119 
Sodium triphenylmethide, use in alkyl- 
ation, 118 

Sommelet reaction, Vol. VIII 
Stobbe condensation, Vol. VI; Vol. VIII, 
67 

Sulfonation of aromatic hydrocarbons 
and their halogen derivatives, Vol. 
Ill 

Sultams, preparation from diazonium 
compounds, 460 


Sultones, preparation from diazonium 
compounds, 460 

Tartronic esters, 

matic compounds, 146, 320 32 

a,«,a',a'-Tetramethylsebacic acid, 14 

Thiazoles, Vol. VI 
Thiocyanogen, addition and su s i 
reactions, Vol. HI 
Thiophenes, Vol. VI 
p-Tolualdehyde, 67 

Trialkylacetophenones, 8 

Triarylacetonitriles, 148 
Triazoles, preparation from diazonium 
compounds, 426 

Trifluoroacetyl hypobromite, as bromi 
ating agent, 341, 354 
Trifluoromethyl iodide, 36S 

2,a,cr-Triphenyl-2-thiazolidineacetic acm 

p-lactam, 399 


n-Undecyl bromide, 367 

von Braun cyanogen bromide cleavage of 
tertiary amines, Vol. VII 
•Vorlander-Meyer coupling of diazonium 

salts, 421 

Willgerodt reaction, Vol. IH 
Wolff-Kishner reduction, Vol. IV 

Xanthones, preparation from diazonium 
salts, 421 

Zinc cyanide, use in synthesis of aid 
hydes, 38 



